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PREFACE 


T HIS hook in intended primarily for students of Botany. Such a | 
students knowledge* of plant produetH is usually obtained, on the 
one hand, from Organic Chemistry, on the other hand, from Plant 
Physiology Cbetween these two standpoints there is a gap, which, it Is 
hoped, the following pages may help to fill. Tt is essentially a text-book ' 
for practical work,an aspect of Plant Biochemistry which has received up 
to the present time very little consideration in teaching. A number of 
experiments have* been devised and have, been actually teNted in practical 
classes. These experiments should enable a student to extract from the 
plant itself the chemical cmmjK>unds of which it is constituted, and to learn 
something of their projM»rties, An elementary knowledge of Organic 
Chemistry on the part of the student has been assumed, jus it appeared 
HU{K3rfiuouH to ineor|H>mte the material which has already been ho amply 
presented in innitrnerabin text-books. 

My si nearest thanks are due to I >r F. F. Blacjdnan, F. R.8., for criticism 
and many suggestions throughout the writing of the book. I am further 
indebted to Mr II. Kaistrick, M.A., for help in various ways, especially in 
reading the* prt*of-Hh«iofcH. I wish, in addition, to express my gratitude to 
Professor F. Cl Hopkins, K.E.S., for the great interest he hfis always shown 
in the subject and for his kind and stimulating mlvieo in connexion with 
the Hchetno of teaching prmmted in the following pages. 

M. W. 0. 
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CHAPTER 1 
INTRODUCTION 

Thin chapter nhould re-read after the remaining chap tom have been ntudied. 

All plants are made up of a complex organized mixture of chemical 
substances, both organic and inorganic. As a preliminary to the study 
of plant chemistry, the student should realize ’that the chemical 
compounds which make up the living plant may be approximately 
grouped into the four following classes. Thus, in later chapters, when 
reference is made to any plant product, it will be understood, broadly 
speaking, to which class it belongs, and what relationship it bears to 
other chemical compounds. 

The main classes may be enumerated as follows : 

(1) (ktrbohydratm. These contain only carbon, hydrogen and oxygen. 
The simplest members are the sugars, which are aldehydes and 
ketones of polyhydrie alcohols of the methane series of hydrocarbons. 
The more complex carbohydrates, such as starch, cellulose, dextrine, 
gums and mucilages, are condensation products of the simpler sugars. 
The sugars are found in solution in the cell-sap of living cells throughout 
the plant. C folia lose, in the form of cell-wails, constitutes an important 
part of the structure of the plant, and starch is one of the most widely 
distributed solid 41 reserve materials.” 

(2) These also contain only carbon, hydrogen and oxygen. 
Chemically they are glycerides, that is glycerol esters of fatty acids. 
Those acids are derived from two series of hydrocarbons, i.e. the 
methane series and the olefine series, and they usually contain a large 
number of mvhm atoms. The fate occur as globules deposited in the 
cells, (.{specially m the tissues of seeds whore they form reserve materials, 
though they also occur in other parte of plants. The acid components of 
the fats are also found in the free state. 

The carbohydrates and the fats both belong to the aliphatic series of 
organic compounds, that is to the series in which the carbon atoms are 
united in chains. 

(8) Aromatic compounds* These are characterized by having the 

carbon atoms united in a ring, as in benzene. They may contain more 
than one carbon ring, and, moreover, aliphatic groupings may be attached 
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INTRODUCTION 


substances in the plant, some of which may In - Included with the aka* 
while others form additional small classes, as for instance ?h« 
alkaloids: others, again, bear no close relit i**nship to any ekss, *ueh h* 
the all-imjmrtant pigment, chlorophyll. 

In order to appreciate the subject of plant chemistry, the plant, 
which is familiar as a botanical entity, must l>e interpret**! in chemical 
terms. The principal classes of the more essential and widely distri¬ 
buted compounds found in plants have already been indicated *m the 
broadest basis, so tha# they may now be referred to without additional 
comment. 

From the botanical f joint of view, the plant may be regarded m a 
structure composed of many living protoplasmic units enclo^d in cell- 
walls and combined together to form tissues. There are also cvitain 
tissues, known as dead tissues, which assist in giving rigidity to the 
plant. All these structural elements can l>e translated into terms of 
chemical compounds. 

One of the chemical processes most frequently met with in the plant 
is that of synthesis In condensation, with elimination of water, of large % 
complex molecules from smaller and simpler molecules. The formation 

of cellulose, for instance, is a case in |K>mt. Cellulose has the composition 
(C*H»0*)» and, on hydrolysis with dilate acids, it yields glucose as m final 

product Hence it is concluded that the complex molecule of cellulose is 
built up from the simpler carbohydrate by condensation. The synthesis 
of proteins from amino-acids affords another example. These acids 

contain either an aliphatic or aromatic nucleus (let It be R\ and one or 

more carboxyl and amino grou|>s, Condensation takes place in the plant* 

with elimination of water, according to the following scheme: 

Ri m i* 

I I ! „ 1 

HHj• CH—CO'OH ^ H NH • CH—CO ; 0H ^ Hj«H • GH^C&W*.....HWH*CH-~COOH 

The products of such condensation, the proteins, vary among them- 
selves according to the number and kind of amino-acids which take part 
in the synthesis. 

Two impor^nt results arise from this proeem First, the substances 
formed by condensation have molecules of a very large size; secondly, 
whereas the simple compounds, sugars and amino-acids, are soluble, 
crystalline and diffusible, the conden»ti«a products are either insoluble, 

eg* cellulose, hr exist in the colloidal state, as is the case of many proteins 
and other plant constituents. As these very large molecules do not dialyze, 

1—2 
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protopliMiii through>ut the oil and mdin uf rkt i> art i-L* >'an 

takt* place both simultaneously and indcpeiiifonth’, th* pr*»t«fpLi mu uv;>t 
have same form of organized struct art \ Though nuny 1 3u.'V.< >meiw el 1 ‘ 1;!* 1 ’ 
may be accounted for by the physical and chemical pr^j^ftivs of Mich 
substances as proteins, it is iiii|>oKsiijIi* toKiy wit!;»air pro-* ut knowb**ige, 
how Ikr all “living” phenomena may yet \w explained in thm way. 

Some of the main lines of metal* die lynthe^-s which take placv in 
the plant will next be considered. A fnnd.im* r.t.il tact %l\h*h should be 
bora© in uiind is that the green plant synthesizes all the complex 
materials of which it is compiscd from the simple e impraids carbon 
dioxide, water and certain inorganic salts. The nmst imp»rtant factor, 
perhaps, which figures in plant metabolism, is chlorophyll. Tile green 
pigments of chlorophyll are esters of complex organic acids containing 
the elements carbon, hydrogen, oxygen, nitrogen unti magnesium. They 
have the 1 remarkable power of absorbing the radiant energy of the suns 
rays and of transforming it into chemical energy, by means of which 
carbon dioxide and water are combined to form some organic compound, 
possibly formaldehyde, from which a simple carbohydrate is readily 
synthesized. 

If now the initial and final products of carbon asaioiii&tioii be 

considered in detail, it will be seen that the process is one of reduction : 

€COjg+in# « 

This is confirmed by the fact that oxygen is evolved in the process. 
Moreover, the plant accumulates a stow of energy, since the final 
product, the carbohydrate, has a higher potential energy than the system, 
wafer and carbon dioxide. Bene© carbon aasimiktioa, in addition to 
providing a tests of organic material as a starting-point for all the main 
metabolic functions, also provides & source of chemical energy by means 
of which reactions in other directions are brought about. 

The setting free o# this accamalatedl energy constitutes the process 
of respimtion, which is, in reality, an oxidation of csrtehyiimt© taking 
place in tissues throughout the plant* It is the converse of earboa 
mimilatum, in that oxygen is absoribed and carbon di«aodb and water 
mm format Thus these two {m>c«e8, loti so fundamental and agenda] 
to the metabolism of the green plant, are constantly taking place side 
% side in the same mSL 

Tht fcst-formed otrtehydiwte, witch m probably a hexose, is 
Ciwtewd in tte plant, on the general lines we have prorieosly indicated, 

t# tmm imm ootnpfex MmmhmMm aodi polysaccteride^ sitelt as maltaae* 
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cane-sugar, starch, cellulose, etc. Some of these products, such as the 
disaccharides, form true solutions and may be present in the cell-sap ,* 
others, such as cellulose and starch, are present in the solid state, though 
they contain considerable quantities of water. Others, again, such as 
dextrin and gum, are present in the colloidal state. Thus, given an 
initial carbohydrate and a source of energy, we may proceed to indicate 
the other main lines of syntheses in the plant. 

The next most important line of syntheses is probably that which 
gives rise to the nitrogen-containing constituents of the plant. Nitrogen 
is absorbed by the green plant in the form of nitrates and ammonium 
salts, but the processes which lead to the synthesis of some of the 
simplest nitrogen-containing compounds, such as the amino-acids, are still 
very obscure. Aliphatic and aromatic acids of various kinds are 
abundantly present in the tissues, but the reactions by which the NH 2 
groups are introduced are by no means clear. There is little doubt, 
however, that once the amino-acids are formed, condensation takes place 
as already indicated, and more complex molecules, termed polypeptides, 
arise. Such polypeptides have now been synthesized artificially by the 
condensation of amino-acids. From the polypeptides, by further stages 
of condensation, the albumoses, peptones, and finally proteins are 
produced. 

Another line of syntheses is that which leads to the production of 
the fats and allied substances. The fats are mainly glycerides of acids 
of the methane and olefine series, such as butyric, palmitic and oleic 
acids. Like all other plant products the fats must either directly or 
indirectly arise from the carbohydrates. There is evidence that the 
origin is fairly direct, as, for instance, in fatty seeds when the fats take 
the place of sugars in ripening. The sugars, as we know, are aldehydes 
of the polyhydric alcohols of the methane series. It has been suggested, 
though the actual stages have not been ascertained, that by various 
oxidation and reduction processes, the sugars yield fatty acid residues 
which then condense to form the fatty acids of high molecular weights 
present in fats. By a converse process, the fats, especially when they 
are stored as reserve materials in seeds, are broken up, and sugars are 
again formed which pass to other parts of the germinating seedling, and 
are there used in other synthetic processes. 

A third main line of syntheses is that which gives rise to the 
aromatics of the plant. Since no ring compound is absorbed by the green 
plant, it follows that by .some process the aliphatic structure must be 
transformed into the aromatic. Thus, for instance, the trihydric phenol, 
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phloroglucin, might at some stage be formed from a hexose by conversion 
of the aliphatic chain into a closed ring: 


OH H OH OH 

OHC—C—G--C-—C—CH 2 OH — 3H 2 0 
H OH H H 
( 3-Iucoso 

h 2 

/°\ 

OC CO 

h 2 c ch 2 

\ c / 


= co— ch 2 — CO —ch 2 — CO —ch 2 


H 

/ c \ 

HOC COH 

II I 

HC CH 

\c ^ 

OH 

Phloroglucin 


There is evidence that aromatic compounds, such as phloroglucin, 
tannins, flavoncs and anthocyanins are synthesized in the leaves, and 
that sugar-feeding, by floating leaves in sugar solutions, leads to the 
increase of aromatics in the tissues. When the ring structure has been 
once synthesized, further changes can take place either by the addition 
of side-chains to the ring or by the condensation of two or more rings. 
In this way the great multitude of aromatic products present in the 
higher plants may arise. 

Thus the cell can be pictured as a colloidal solution of proteins 
endowed with the properties of matter in mass and surrounded by a 
permeable cell-wall of cellulose. The colloidal solution contains liquid 
and solid particles of very varied chemical composition. In the protoplasm 
are spaces, vacuoles, filled with cell-sap also containing many and 
various substances in solution. Throughout the protoplasm, which 
probably han an organized structure, many kinds of chemical reactions 
are continually in progress, some being the converse of others, as for 
instance those of oxidation and reduction which can take place side by 
side in the same cell. 

Next will be considered the chemical reactions by which the various 
metabolic changes in the plant are brought about. How are these 
processes controlled and how do they take place ? 

There is a large group of organic substances, termed enzymes, many 
of which are present in every plant. They have a certain characteristic in 
common, i.e. they bring about chemical reactions in the plant without 
undergoing any permanent change: in other words they are organic 
catalysts. Many of these reactions, which take place in the cell at 
ordinary temperatures with considerable rapidity, need prolonged heating 
at high temperatures when brought about by artificial means. Enzymes 
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can generally be extracted from the plant by water, especially if the 
tissues are thoroughly disintegrated. Their chemical constitution is 
at present unknown, and they are usually destroyed by temperatures 
greater than 60°C. Moreover, many of the processes which they control 
in the plant can be brought about by them in vitro under suitable 
conditions, and it is by means of such experiments that information as 
to their role in plant metabolism has been ascertained. The majority of 
known enzymes control both hydrolysis and its converse, synthesis by 
condensation with elimination of water, but under artificial conditions 
hydrolysis most frequently occurs. The enzyme, diastase, for instance, 
found in all starch-containing plants hydrolyzes in vitro starch to dextrin 
and maltose. Similarly the enzyme, maltase, hydrolyzes maltose into 
glucose. Other enzymes hydrolyze proteins into amino-acids, and others, 
again, hydrolyze fats into fatty acids and glycerol. 

Until fairly recently the fact escaped notice that such reactions are 
reversible, and that these enzymes in situ in the plant may, according 
to the conditions, control not only the hydrolytic but also the cor¬ 
responding synthetic process. The latter may also be brought about, 
though not readily, in vitro. This, and other evidence, leads us to 
believe that enzymes in the plant control the reactions in both directions. 

Hydrolysis, and synthesis with elimination of water are not however 
the only processes catalyzed by enzymes. There is another type of these 
catalysts, the oxidizing enzymes, which bring about oxidation of sub¬ 
stances in the plant, notably of aromatics. In addition, there is the 
enzyme, zymase, which decomposes sugar with the production of alcohol 
and carbon dioxide. 

The question which now arises is—How many reactions in the plant 
are catalyzed by enzymes ? It is conceivable that a greater number of 
enzymes may exist than are at present known, but that they are unable 
to be extracted by our present methods of isolation. A certain number 
of reactions probably take place in the cell-sap between the substances 
in solution; others are catalyzed by enzymes which are supposed to be 
intimately connected with the protoplasm, but there are an enormous 
number to which there is at present no clue as to how they are brought 
about, such, for instance, as the synthesis of carbohydrates from carbon 
dioxide and water, and the formation of the benzene ring from the open 
carbon chain. Such processes are usually said to be controlled by the 
“living protoplasm,” hut what exactly is the significance of this 
expression is at present beyond our knowledge. 

Finally, also, little is known of the question as to how th<p various 




I] 


INTRODUCTION 


9 


1 

\ 


lines of metabolic syntheses in different parts of plants are regulated 
and correlated with each other. Some of the phenomena involved are 
shortly outlined as follows. There is undoubtedly, under suitable 
conditions, a constant synthesis of sugars in the leaves. In all pro¬ 
bability aromatic substances are also synthesized in the same organs, 
for there is evidence that there is an increase of these compounds in the 
leaf if translocation through the petiole is prevented. It is possible that 
amino-acids also are formed in the leaf. The above products are 
constantly translocated to the growing organs as material for growth. 
They may, nevertheless, be temporarily stored in the tissues where they 
have been synthesized, and of this there is evidence in at least one case, 
e.g. starch in the leaf. But, apart from the immediate use for growth, 
there is in practically every plant, some tissue where, owing to some 
unknown stimulus (causing probably changes in permeability of the 
cell-membranes), accumulation of compounds occurs. This accumulation 
is characteristic of organs from which growth will take place when it is 
impossible for the plant to obtain fresh supplies by carbon assimilation, 
as, for example, of bulbs, rhizomes, tubers, buds, seeds, fruits and woody 
tissues. In these cases, in due time, the products stored supply the 
growing shoots. 

During storage, simple sugars, amino-acids, etc. have been condensed 
to form insoluble, colloidal, or large molecules of starch, fats, aleurone, 
cane-sugar, etc. These will remain until they are hydrolyzed by enzymes 
when they can supply the growing shoots. Such stores arc termed 
“resbrve materials.” The actual stimuli involved in bringing about and 
regulating this storage are unknown, but they are probably connected 
with the life cycle of the particular plant under consideration and its 
adaptation to external conditions. 
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CHAPTER II 


THE COLLOIDAL STATE 

Many of the substances of which the plant is built up exist in the living 
cell in the colloidal state, and it is therefore important that some account 
should be given of this condition of matter. 

There are many organic products found in the plant (and also in the 
animal), such as starch, various proteins, gums, etc., that apparently dis¬ 
solve in water, giving a solution which, as a rule, only differs from an 
ordinary solution by being opalescent. In addition, it has been known 
for a long time that various inorganic substances, such as sulphides of 
arsenic and antimony, hydroxide of iron, and also certain metals (gold, 
silver), can, by special methods, be obtained in “ solution,” though in 
ordinary circumstances they are quite insoluble. The above examples 
are representative of colloidal solutions. 

A property which all the above solutions possess is that the substance 
dissolved will not pass through a parchment membrane, i.e. will not 
dialyze, whereas if a solution of sodium chloride in water is separated 
from pure water by a parchment membrane, the salt will pass through 
the membrane until the concentration of the sodium chloride is equal 
on either side of it. 

The conclusion drawn from investigations of various kinds is that in 
the colloidal solutions the substances dissolved exist in the state, either 
of aggregates of molecules, or of very large molecules, and hence are 
unable to pass through the pores of the parchment. 

Moreover, certain distinctions can be drawn between colloidal solu¬ 
tions : some, like those of gold, silver, metallic sulphides, hydroxides and 
in fact most inorganic substances, are very sensitive to the presence of 
small amounts of inorganic salts, i.e. electrolytes, and are precipitated 
by them, but will not as a rule go into solution again. Also such col¬ 
loidal solutions are very little more viscous than pure water. The organic 
substances, on the other hand, are only precipitated from colloidal solu¬ 
tions by comparatively large quantities of electrolytes. The viscosity, 
moreover, of these solutions is greater than that of water, and is, in fact, 
considerable, even if the percentage of dissolved matter is small 
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Hence two terms have been employed for the above-mentioned 
types of colloidal solutions: those of gold, silver, etc., are termed suspen- 
soids (suspensoid sols): those of starch, proteins, etc., enndsoids (emul- 
soid sols). 

The essential feature of both forms is that they are systems consisting 
of two phases, or conditions of matter, known respectively as the “ dis¬ 
persed ” phase and the “ continuous ” phase. 

A suspensoid may be defined as having a dispersed phase composed 
of ultramicroscopic particles or aggregates of molecules suspended in a 
continuous phase composed of a liquid. 

An emulsoid may be defined as having a dispersed phase composed 
of ultramicroscopic drops of a highly concentrated solution of the sub¬ 
stance suspended in a continuous phase composed of a dilute solution of 
the same substance. 

As a rule, therefore, the difference between a suspensoid and an 
emulsoid is that, whereas in the former the liquid is restricted to the 
continuous phase, and the solid to the dispersed phase, in an emulsoid 
both phases are liquid, though containing different proportions of the 
dissolved substance. 

The terms suspensoid and emulsoid are used on account of the re¬ 
semblance of these states of matter respectively to suspensions and 
emulsions. If microscopic particles of a solid are shaken up in water, 
what is known as a suspension is obtained; in time, however, the solid 
particles, if heavy enough, will settle and separate from the water, and 
the whole process can be repeated. Thus a suspension differs from a 
suspensoid solution in that the latter is stable, though, if precipitated, 
the reaction is usually not reversible. 

If two liquids which are insoluble in each other, such as oil and 
water, are shaken up together, finely divided drops of oil in water are 
obtained. This is known as an emulsion. In time, however, the oil 
separates from the water, because the tension pn the films of water 
separating the oil drops, when in contact, is too great, and they break, 
with the result that the oil drops coalesce. But if, instead of water, a 
solution of soap, saponins, or certain other substances is used, the surface 
tension of the water is so lowered that the films of soap solution separating 
the oil drops are permanent, and a system is obtained consisting of minute 
drops of oil separated by soap solution. This system resembles an organic 
colloidal solution, as, for instance, that of protein in which we suppose 
a concentrated solution of protein exists in drops separated by a dilute 
solution of protein. Milk and latex constitute natural emulsions. 
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Expt. 1. Formation of a suspension. Precipitate a solution of barium chloride 
with some sulphuric acid and shake up well the fine precipitate of barium sulphate. 
Note the gradual settling of the precipitate. 

Expt. 2. Formation of an emulsion. Take a drop of olive oil in a test-tube and 
half fill the tube with alcohol. Shake well and pour into a beaker of water. A fine 
white emulsion of oil in water will be formed from which the oil will not separate. 
By this method the oil is obtained in such small drops that stability is ensured. 

Take about equal quantities of olive oil in two test-tubes and add an equal 
quantity of water to each. To one tube add a drop or two of 10% caustic alkali 
solution. Shake both test-tubes well. An emulsion is formed in Indh, but. in the 
tube without alkali the oil will separate out on standing. In the other tube the 
emulsion is permanent. This is due to the fact that the olive oil (unless specially 
I purified) contains some free fatty acid. The latter forms soap with the alkali (nee 
p. 82) and renders the emulsion permanent. 

Expt. Ik Preparation of smpensoid sols, (a) Oold. Take two 100 ex. measuring 
cylinders and thoroughly clean them with nitric acid, and afterwards wash well with 
freshly distilled water. In one make a 0*5% solution of tannic acid (using the purest 
sample obtainable) in water. In the other, 2 c.c. of commercial 1 % geld chloride are 
made up to 100 c.c. with water. Use freshly distilled water in both canes. Mix equal 
portions of the two solutions in a clean beaker. A purple colloidal solution of gold 
will be formed. If three parts of the chloride solution are mixed with one part of the 
tannin solution, and both solutions heated Ixdbrc mixing, a red colloidal solution is 
obtained. (b) Silver. Take 5 c.c. of a I % solution of silver nitrate and add dilute am¬ 
monia solution until the precipitate first formed just disapjasars, and then dilute with 
100 c.c. of water. Mix equal volumes of this solution and the tannic acid prepared 
for (a). A colloidal solution of silver will be formed which is clear brown by trans¬ 
mitted light, but has a green fluorescence by reflected light. (r) Ferric hydroxide. 
Take 5 c.c. of a filtered 33% solution of ferric chloride and pan* into 500 ex. of 
boiling distilled water in a beaker. A colloidal feme hydroxide sol ts formed and the 
colour changes to a deep brown-red. The yellow solution of ferric chloride is de¬ 
composed by excess of water with the production of a soluble colloidal form of ferric; 
hydroxide, and hydrochloric acid is set free, (d) Arsenic trisulp/dde. Take i grits, 
of arsenious acid and boil with 150 c.c. of distilled water, filter and cool. Then pass 
sulphuretted hydrogen through the solution. A colloidal solution of the sulphide In 
formed which is orange, with a greenish surface. 

The above sols should jba kept for further experiment [see Expt. 8). 

Expt. 4. Preparation of emulsoid sols, (a) Starch. Weigh out 2 gnus, of dry starch, 
and mix well with a little cold distilled water. Boil 100 ex, of distilled water in it 
flask, and, when boiling, pour in the starch paste and boil for a few minutes longer, 
stirring well all the time. A colloidal solution of starch is obtained which is faintly 
opalescent. It is not affected by heating and does not change its state on cooling. 
(5) Gum arabic. Make a 5 % solution of gum arable by boiling 5 gtm with 100 ex. 
of distilled water. Note that a sticky or viscous solution is formed which froths on 
shaking, (c) Protein. Weigh out 10 gms. of white flour and add 100 c.c. of distilled 
water. Let the mixture stand for % or 3 hours and then filter. The extract contains 
protein. Note that the solution froths on shaking, (d) Soap. Make a 5-10%w>lutto 
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of .soap in distilled water. It in opalescent, and froths strongly, (rj Cldut'nphpU. 

[ Son Expt. ‘M. | 

The h!k>vc hoLh should be k<*pt for further experiment |m*c Expt U|. 

Expt. 5. Diutpm® <>/ Mart fi mid *ttlf An! at tun. Make a. iPt,, Hetlutdini of ataivh in 
water, us in Kxpt. and mix it with hu equal volume of a i “ „ solution of sodium 
chloride in water. Pour the mixt ure into a parelnueut diuly/.er and dmh/,e in a 
teaker of distilled water. fThe dhdv/er should first hr rare fully tested to ascertain 
if there hr a Irak.* Test tin* liquid in fhe bunker with solutions of hoth iodinr and 
silver nitratr. Some precipitate of chloride will hr given, hut no hlur colour with 
iodinr. After 1 1 hours, test, the liquid again. There will hr an increased amount of 
silver rhloridr fonurd, hut a negative rentdt wit h iodinr. < hi addition of iodinr to 
thr liquid in thr diaiy/.rr, n hlur colour in obtained, lienee wr mity assume that f hr 
colloidal h! arch dors not pass ihrough tin* membrane. 

Some HitlmtanerH, Hindi ms gelatine (animal) and agar (vegetable), are 
only in tin* nmul.snid condition at, n mist a I temperature. When eold 
they set to form a “gel,” in which the part deles of flu* dispersed phase art* 
no longer separate hut united to make a sol hi. Silieie acid, the best known 
inorganic emulsoid, also sets to 11 gel on standing, either spontaneously 
or on addition of i doc truly tew. It in of elttssieal interest shire it was the 
substance largely used by («mbit tit* the first Worker on colloids. 

Expt, U, Prxp'ftfatinm nj tpiU, (ttf Atjur, Weigh out *i guts, of og#ir and put if 
to soak in of distilled water for an hour or two. Then boil ; the agar gives a 

thick o|wdeHcent solution tm*\) winch wt» fo a gel on cooling. On warming, the gel 
again l**emuen a sol, and, on cooling, again sets to it gel. Thus the change i« a 
reversible one. Agar is it mud luge which is obtained from certain genem of the 
Rlwdophymm isee p. 4ft). (A) MiCie mdtf. Weigh out go guts, of eoUiftforckd H wafer 
glass ” syrup fit cutM&iitruUid nolutimt of sodium niliimte) anti dilute with lUOc.u. of 
freshly hotted distilled water (free frofii carbon dioxidey Pour lh c,e, of Mum *<*tuMnti 
into it mixture of £5 cat, of cnncfttitmted hydrochloric m id find ?ltee» of witter. 
Dialyssn tin! fnixiitre if* a fwreiinieftt dfaltMU’ iigiiinst mttiiitig wafer for % I hours, 
If t« the diifjy/.od liquid it lit f j#i very dilute affitiiofiift is added, a gel will Is* formed 
in the cofirse of it few hours, In this m%m\ however, the procitss is tm*vnr*iH*% flint 
Is the gel eitJiiftd be ream verted again into tbe mil* 

An intercsldfig {mirth in mmmmkm with the mdloidid «fnte in ibuf. 

cmphaHimi % Oiitwiild, m* thiit thin condition m it hMm, not u if pa, 
of matter. Further* nubtitanocH in the colloidal nfttte do not constifade 
a definite tdiim It in motonabto to iijppmti that nil MtfoiUnecM which 
exist in the colloidal »tati* can, under mutable condition*, also nxi*if in 
the crystalline state, and mm mrmt , Further, the contimiotm phase is 
not always water. Hodiutn chloride, which m n very definite crystalloid, 
cun be obtain**! in the mtloidul siau* in petroleum ether* Most tnetal*, 
even the alkali metaln* have been obtaimal in colliddiil tmitHiott: also u 
great many metallic oxides* hydroiides mid Hidphtdea. 
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The colloidal phases so far dealt with can he tabulated as follows 1 : 

disperse continuous 

liquid . solid ... gels 

Holici . liquid ... Himponsoids 

liquid ... liquid ... emulsoids 

Some of the properties of colloidal solutions may now be considered. 
A point that has already been emphasized in the previous chapter is 
that the surface of particles in the colloidal state is very groat in pro¬ 
portion to their mass. Such particles, moreover, unlike ions and small 
molecules in true solution, possess the properties of the surfaces of matter 
in mass, as, for instance, those connected with* surface* tension, electrical 
charge, etc., and these are especially marked on account of the propor¬ 
tionately large surfaces involved. Other properties are their inability, 
as a rule, to exert an osmotic pressure, to raise the boiling point, and to 
lower the freezing point of water. Some of the metallic Huspensoids are 
characterized by their colour, this being red, purple*, or blue as in the case 
of gold sols. 

An apparatus, by means of which the colloidal state can be demon¬ 
strated ocularly, is the ultramicroscope. This is a special form of micro¬ 
scope in which a powerful beam of light is directed upon a colloidal solution, 
which is then seen to contain a number of particles in rapid motion. 
When analyzed by special methods, this motion has been found to be 
identical with that shown by much larger, though still microscopic, 
particles, which has been termed Brownian movement. 

Bxpt. 7. Demonstration of Brownian movement of mimmmpk paMktm* Mount» 
little gamboge in water and examine under the high jiower of a mk?ri«eo|M». The 
particles will he seen to be in rapid motion. 

It has been shown that Brownian movement is the outcome of the* 
movement of the molecules of the liquid in which the particles are 
suspended. This movement is one of the factors which keep the sol 
stable and prevents the particles from “settling” as in the case of a 
true suspension. 

Another factor tending to keep the sol stable is the electrical charge 
borne by the particles. It is commonly known that there is usually a 
difference of potential between the contact surfaces of phases. If the 

1 There are also the following combinations (B&yligg, 1): 


disperse 

continuous 


m . 

... liquid.. 

, foam 

liquid...... 

... gas . 

fog 

solid .. 

... gas ... 

tobacco smoke 

solid . 

... solid ......... 

ruby glass (colloidal sol of gold in gliMss), 
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particles in a colloidal solution all imvo the name charge, then they w ill 
tend to repulse one another mutually. It is found that the particles 
are charged, hut the origin of the charge is not always clear. Sometimes 
if the substance in colloidal state is capable of electrolytic dissociation, 
the charge may arise in this way. Substances, however, as already men 
tinned, which arc not, dissociated may also hear a charge, and most 
frequently it is a negative one. It follows, then, that when an electro* 
lyto is added to a colloidal solution, the* charges on the colloidal {^articles 
are neutralized by the oppositely charged ions of the electrolyte, and 
they coalesce together and an* precipitated. 

As regards their behaviour to electrolytes the two classes, suspen- 
soids and enmisoids, are very different. The Huspensoids are very sensi¬ 
tive to traces of electrolytes, and, as they usually have a negative charge, 
it is the cation of tin* electrolyte which is tin* active ion; and of such, 
less of a divalent ion, than of a monovalent ion, is needed for precipita¬ 
tion and st ill less of a trivalent ion. 

The emulsoids are far less sensitive to electrolytes in solution than 
tin* suspensoids; in fact, electrolytes, such as neutral alkali Halts, must 
be added in very large quantities to emulsoids before precipitation takes 
place. Also, as a rule, whereas the precipitation of Huspensoids is irre¬ 
versible, that of emulsoidH in reversible, that is, they pass into solution 
again on addition of water. In the case of an emulsoid in neutral hoIu- 
tion this form of precipitation, unlike that of the HUHjwumoidH, may be 
regarded as consisting of two processes. First, a process analogous to 
that of “ salting out M of soaps, esters, etc., in organic chemistry, which 
is, in effect, a withdrawal of water front one phase into another. Hecomlty, 
the* precipitation is also affected to some extent by the valency of the 
ions of the salt used in precipitation. 

When, however, a neutral solution of such an eumkoid m protein is 
made either slightly acid or alkaline, its behaviour towards neutral waits 
becomes altered. The precipitating {lower of salts in add or alkaline 
medium is now in accordance with that on »fi»j«;*n«*#icls. In alkaline 
solution the coagulating power of a suit dejterids on the valency of the 
cation; in an acid solution it dejiettcln on the valency of the anion. 

The behaviour of proteins in add and alkali no media is undoubtedly 
due to the fact that they are built tip of amimwidd* containing both 
amino and carboxyl grottjm, Btteh molecules may tiehave father m an 
acid or n base with the formation of salts. These are subject to electro¬ 
lytic dissociation and hence acquire an electric; charge. Such »ul«t«ici?i 
have been termed amphoteric electrolytes” {see p, 12U), 
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Expt. 8. Precipitation of suspemoid sols by electrolytes. sols of gold, silver 

and arsonious sulphide carry an electro-negative charge: hence they are most readily 
]>recipitated by di- or tri-valent positive? ions, such as Ha'' or A!''. Add a few drops 
of barium chloride solution to the three sols (Expt. 3) respectively, and note that 
they are precipitated, though some? time may elapse before the precipitation is 
complete. The ferric hydroxide sol, on the contrary, carries a positive? charge. Hence 
it is most readily precipitated by a sulphate? or phosphate. If a drop of sodium 
sulphate solution is added while the sol is hot, it is immediately precipitated. 

Expt 9. Precipitation of errmho id sols by electrolytes. Saturate the starch, protein 
and soap solutions prepared in Expt. 4 with solid ammonium sulphate. Precipitation 
takes place in each case, and it is seen how large a quantity of electrolyte is needed 
for the “salting out’ 7 of emnlsoid sols. Filter off the protein precipitate and susjnmd 
in distilled water. It will go into solution again, showing that the reaction is 
reversible. 
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CHAPTER III 


ENZYME ACTION 

Some indication has been given in the previous chapter of the large 
number of complex processes which take place in the plant, and it has 
been mentioned that many of these are controlled by enzymes. 

The most remarkable feature in connexion with the chemical pro¬ 
cesses of plant metabolism is the ease and rapidity with which, at 
ordinary temperatures, chemical reactions take place, when under artificial 
conditions they need a much longer time and higher temperatures. 

It has been found that many of the chemical reactions in the plant 
can be brought about in vitro on addition of certain substances which 
can be extracted from the plant. These substances are known as enzymes. 
It is the property of enzymes that they are able to accelerate reactions 
which, in their absence, would only take place very slowly. The enzyme 
cannot initiate these reactions and does not form part of their final 
products. 

Some inorganic substances have the same property of accelerating 
reactions, and such substances are termed catalysts. For example, when 
water is added to ethyl acetate, the latter begins to be decomposed slowly 
into ethyl alcohol and acetic acid: 

ethyl acetate 4- water —>> ethyl alcohol 4- acetic acid, 

but if, in addition, some hydrochloric acid is added, hydrolysis takes place 
with much greater rapidity, and at the end of the reaction the hydrochloric 
acid is found unchanged. Hence in this case hydrochloric acid is an 
inorganic catalyst. Many other similar instances are known as, for 
example, the catalyzing effect of a small quantity of manganese 
dioxide which brings about the ^liberation -of oxygen from potassium 
chlorate at a much lower temperature than by heat alone. 

By analogy, therefore, an enzyme may be defined as an organic 
catalyst produced by the plant. 

Another point in connexion with the above-mentioned reaction pf 
water with ethyl acetate, is the fact of its being representative of the 
type known as reversible. After a certain amount of acetic acid and 
ethyl alcohol has been formed, these recombine to form ethyl acetate 
until in time a certain point of equilibrium is reached. Since the same 
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point of equilibrium is reached whether hydrochloric acid is used or not, 
it is obvious that the hydrochloric acid accelerates the reaction in both 
directions: 

ethyl acetate* 4 water :£±: ethyl alcohol 4 acetic acid. 

Such a reaction is termed a reversible one. Many of the pr<>c<* sk«\s 
accelerated by enzymes in the plant are reversible, and there is reason 
to believe that the enzyme, accelerates the reaction in both direct ions. 

The substance upon which the enzyme acts is termed the substrate, 
and it is supposed that some kind of loose eombinat ion occurs bet ween 
these two substances. The enzyme is unaltered when the reaction is 
complete, unless it is affected by the products formed. 

The enzymes are very widely distributes! and form constif uents of 
all living cells, though all tissues do not necessarily contain tin* same 
enzymes. 

There is no doubt that many enzymes are specific, in which case 
an enzyme can only accelerate one reaction, or one* class of reaction. 
We cannot be sure that any enzyme is specific and different from all 
others, until it has been proved that it accelerates one process which is 
incapable of being accelerated by any other enzyme. It is jMissible 
that some enzymes, to which separate* names have been given, are really 
identical. 

Most of the plant enzymes are soluble in water and dilute glycerol 
and sometimes in dilute alcohol. Some can be extracted by simply 
macerating the tissues with water; others am more iiitirnately connected 
with the protoplasm, and are only extracted if the protoplasm is killed 
by certain reagents, of which those most frequently employed are toluol 
and chloroform. These substances kill the protoplasm and do not, in 
many cases, affect the enzyme. After the death of the protoplasm, the 
enzymes are more readily extracted from the cell From aqueous 
solutions enzymes can usually be precipitated by adding strong alcohol 

The majority of enzymes are destroyed by raising the tompomturo 
above 60° C. In vitro their reactions are generally carried out moat 
rapidly between the temperatures of #5-45* Cl 

In performing experiments with enzymes in tritro , it m always 
necessary to add an antiseptic, otherwise the reaction to be studied will 
be masked or entirely superseded by the action of bacteria unavoidably 
present. Toluol and chloroform mentioned above, m well us thymol, 
may be used. These reagents prevent any bacterial action from taking 
place. Borne enzymes, however, are susceptible to chloroform, ns, for 
instance, maltase. 
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The chemical nature of enzymes is at present unknown, because it 
is difficult to purify them without destroying them, and hence to obtain 
them of sufficient purity for chemical analysis. They were originally 
thought to be proteins, but with the improvements in methods for 
purification, it has been found that the protein reactions disappear, 
although the enzyme activity does not decrease. In solution they exist 
in the colloidal condition. 

The questions as to their origin and their relation to the protoplasm 
cannot yet be answered with any certainty. It is also impossible to say 
whether the majority of chemical processes in the plant are catalyzed by 
enzymes. 

A feature of enzyme action which is of considerable interest and 
which has already been mentioned is the question as to whether enzymes 
catalyze the synthetic as well as the hydrolytic reaction. There is 
evidence that this is so, since, in many cases, the hydrolysis is not 
complete. If the enzyme were a catalyst in one direction only, the 
reaction would be complete. Further evidence is supplied by the fact 
that, under suitable conditions, i.e. strong concentration of the substances 
from which synthesis is to take place, certain syntheses have been carried 
out in vitro. As an example may be quoted the synthesis of maltose 
from a concentrated solution of glucose by maltase (Bayliss, 2). 

In the living cell it is supposed that the hydrolysis and synthesis 
are balanced. On the “ death ” of the protoplasm, which may be caused 
by mechanical injury, vapour of chloroform or toluol, etc. (Armstrong, 7,8), 
the reactions catalyzed by enzymes cease to be balanced and proceed almost 
always in the direction of hydrolysis and the splitting up of more complex 
into simpler substances. This phenomenon is obvious when any of the 
products can be recognized by smell or colour, as, for instance, the smell 
of benzaldehyde on injuring leaves of plants containing cyanogenetic 
glucosides (see p. 146), or the production of coloured oxidation products 
when some of the aromatic glucosides are decomposed (see p. 113). 

If plant tissues are disintegrated, and the mass is kept at a temperature 
of about 38° C., the above-mentioned hydrolytic processes continue to be 
catalyzed by the enzymes present until equilibrium is reached, which will 
be near complete hydrolysis, especially if water has been added. Such 
a process is termed “autolysis ” 

The chief plant enzymes may be classified under the following 
headings: 

A. Hydrolytic enzymes. These constitute by far the greater number 
of known enzymes. In their activity they either add or eliminate water. 
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According to the substances upon which they act (the substrates) 
they may be further sub-classified as follows: 

(1) Fat-splitting enzymes, which hydrolyze fats info fatty acids 
and glycerol: lipase. 

(2) Carbohydrate-splitting enzymes: 

Diastase, which hydrolyzes starch into dextrin and maltose. 

Invertase, which hydrolyzes cane-sugar into dextrose and laevnlose, 

Maltasc, which hydrolyzes maltose into dextrose. 

Inulase, which hydrolyzes inulin into laevulo.se. 

Cytase, which hydrolyzes hemieellulose into mannose and galactose. 

Pectinase, which hydrolyzes pectic compounds into arabinose. 

(3) Glucoside-splitting enzymes: 

Emulsin, which hydrolyzes amygdalin into lamzaldohydo, prussic 
acid and glucose. 

Myrosin, which hydrolyzes sinigrin into ally! isothiocyanate, potassium 
hydrogen sulphate and glucose. 

(4) Protein-splitting enzymes (proteases): 

Pepsin-like enzymes, which hydrolyze proteins into albumoses and 
peptones. 

Erepsin-like enzymes, which hydrolyze peptones into polypeptides 
and amino-acids. 

B. Oxidizing enzymes : 

Peroxidases, which decompose peroxides and set free oxygen in 
the active state, probably as atomic oxygen. 

Catalases, which decompose hydrogen jieroxide and set free oxygen 
in the molecular condition. 

0. Fermenting enzymes : Zymase of yeast and also of higher plants, 

which brings about the decomposition of certain hexoHCH, such an glucose, 
with the formation of alcohol and carbon dioxide. Probably a series of 
reactions including oxidation, reduction and hydrolysis nrn involved. 

I). Coagulating enzymes: Pectase, which coagulates soluble poetic 
compounds. 

E. Redwing enzymes ; Reductase. The preci.se function of tkmm 
enzymes is unknown. 

Most of these various classes of enzymes will be dealt with in detail 

in connexion with the chemical substances on which they react 

An excellent demonstration of the feet that a single cell may contain 
all the various enzymes connected with the processes of metabolism k 
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afforded by the unicellular Fungus, Yeast (>Saccharomyces ), of which many 
species and varieties are known. The feature of special interest in 
connexion with the Yeast plant is its power of fermenting hexoses, with 
the formation of alcohol and carbon dioxide, the process being carried 
out by means of an enzyme, zymase. The reaction is generally 
represented as follows, though there is little doubt that several stages 
are involved: 

C 0 H 12 O 6 = 2C0 2 -{- 2C 2 H 6 OH. 

In addition to zymase, yeast contains the enzymes, invertase, protease, 
peroxidase, catalase, reductase, glycogenase, carboxylase, a glucoside- %/ 
splitting enzyme, and some form of diastatic enzyme. The carboxylase 
decomposes a large number of keto-acids, of which the most impor¬ 
tant is pyruvic acid CH 8 * CO * COOH. The reaction involves the 
formation of the corresponding aldehyde with the evolution of carbon 
dioxide. Yeast also stores, as a reserve material, the polysaccharide, 
glycogen, which occurs in animal tissues though it is rarely found in 
plants: this is hydrolyzed by glycogenase into a monosaccharide. Finally, 
yeast contains invertase, and most species, in addition, maltase, but from 
a few species the latter enzyme is absent. Hence yeasts are able to 
ferment the disaccharides, cane-sugar and maltose, since they can first 
hydrolyze them to monosaccharides. 

As in the case of the enzymes of other tissues, those of yeast can be 
made to carry out their functions after the death of the living protoplasm. 

The method of demonstrating this is to “kill” the cells by means of 
drying at 25-30° C., by treatment with a mixture of alcohol and ether, 
or by treatment with acetone and ether. In this way the protoplasm is v" 
destroyed, but the enzymes remain uninjured. Yeast treated thus has 
been termed “ zymin.” 

From zymin some of the enzymes, e.g. invertase and the glucoside- 
splitting enzyme, can be extracted with water: other enzymes, e.g. zymase 
and maltase, are not so readily extracted. From the living cells the 
enzymes are only obtained with difficulty, the extraction of yeast juice, 
containing zymase and other enzymes, needing, by Buchner's method, 
a pressure as great as 500 atmospheres. 

In connexion with alcoholic fermentation by zymase, the following 
point is of special interest. For carrying out this process, two other 
substances are necessary in addition to the enzyme, i.e. a co-enzyme of 
unknown nature and a phosphate. The separation of zymase from the 
co-enzyme has been accomplished by filtering expressed (Buchner) yeast 
juice through a special form of gelatine filter under a pressure of 50 
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atmospheres. The phosphate and co-enzyme can also he removed from 
zymin by washing with water. The washed residue is then found to be 
incapable of fermentation, as also are the washings. If, however, the 
boiled washings are added to the washed residue, the system is synthesized 
and can now carry out fermentation again. The chemical nature of the 
co-enzyme, which is thermostable, and the precise part played by it in 
the process, are as yet unknown (Harden, 4). 

Expt. 10. Preparation of zymin. (a) By alcohol and ether. For the following 
experiments fresh yeast should be used which has been washed several times with 
distilled water and dried on a filter-punq). Weigh out 25 gms. of yeast and stir 
it up well in- a mixture of 300 c.c. of absolute alcohol and 100 c.c. of ether for 4-5 
minutes, and then filter on a filter-pump. Next wash the yeast with 50 c.c. of 
ether. Then spread it out on a piece of filter-paper and allow it to dry for one hour. 
(b) By acetone and ether. Take 50 gms. of yeast and stir it into 300 c.c. of acetone. 
Continue stirring for 10 minutes, and filter on a filter-pump. The mass is then 
mixed with 100 c.c. of acetone for 2 minutes and again filtered. The residue is 
roughly powdered, well-kneaded with 25 c.c. of ether for 3 minutes, filtered, drained 
and spread on filter-paper for an hour in the air. It can be finally dried at 45" C. for 
24 hours. 

Expt. 11. Action of zymase. Fill a small test-tube with 40% glucose solution. 
Add 2 gms. of the zymin (from Expt. 10) for each 10 c.c. of solution and a little 
toluol, and shake. Then fit a slightly larger test-tube over the mouth of the first 
tube. Now invert. A small quantity of air will rise to the top of the first tube 
which, however, will remain filled with the sugar solution. Place the tubes either in 
an incubator or water-batb at 22-25° C. A control set of tubes should also be arranged 
containing sugar solution and zymin which has been previously well boiled in a little 
water. Bubbles of carbon dioxide will be evolved from the unboiled zymin. 

Expt. 12. Action of medtase. (Harden and Zilva, 12.) Into two test-tubes, (a) and 
(6), put the following : 

(a) 20 c.c. of a 2% solution of nialtose -f 0-5 gm. of zymin. 

(b) 20 c.c. of the same solution of maltose + 0*5 gm. of zymin which has been 
well boiled in distilled water. 

Plug both tubes with cotton-wool, after adding a few drops of toluol, and place 
in an incubator at 38° C. for 12-24 hrs. Test the liquid in both tubes by making the 
osazone (see p. 49). Glucosazone will crystallize out in tube (a), malfcosazone in 
tube ( b). 

Expt. 13. Action of peroxidase. (Harden and Zilva, 12.) Into four small 
evaporating dishes, (a), (6), (c) and (d), put the following: 

(a) A suspension of 0*5 gm. of fresh yeast in 10 c.c. distilled water -f 1 e.c. of 
benzidine solution (1 % in 50 % alcohol) + 2-3 drops of hydrogen peroxide (20 vols.). 

(b) A suspension of 0*5 gm. of zymin in 10 c.c. of distilled water + 1 e.c. of 
benzidine solution + 2-3 drops of hydrogen peroxide. 

(c) A suspension of 0*5 gm. of washed zymin in 10 c.c. of distilled water + 1 c.c. 
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of hen/.idine.sidutinii *!• 2 H drops of hydrogen peroxide. ('The* xvmin in washed by 
jmtting i?“ <*it a double folded tilt* r paper in a funnel and adding diistilied water from 
time* to time. r»0 e.e. of water should be used for <K> gm. of z.ymin.) 

d/j A .suspension of (rf> gin. of washed zymtn in 10 e.e. of washings f 1 e.e. of 
benzidine solution »§*• 2 .‘1 drop* «*f hydrogen j>ero\idr, 

A blufM'ulour will develop in o dmwiug that fresh \ east, enntuins a peroxidase 
(nee*, p. ion . A blue eoloitr will also develop in <e > but. not in (h) and id), Thin i.s 
(explained by asMiming that tin* /yrnin eontaihH an inhibitor, not prcHont in fresh 
yeast, but uiiieb in developed during the preparation of tin* y.ytuin, and that thin 
inhibitor ran be \\a da-d aw.ni by water, Un adding tin* washings to the washed 
zvniin tin* mirfjon is inhibited again. 

Krpt. l b At'fio/i nj vt /Harden and Xilva, 12 .j <Completely till a, tostduhn 
with hydrogen peroxide 20 vola, solution whiefi baa been diluted with an egmd 
volume of water and add 0 *. f > 1 gm, of /yuiin, Have tin* thinuh firmly over the 
mouth of tin* tube, invert and piaee the mouth under water in a Mtuall basin, clamp¬ 
ing the tub* in position. A rapid evolution of oxygen taken plane. When the tube 
in about three fourths full of pm, ehne the mouth with tin* thumb while still under 
wider and remove the tula*. Hung** a glowing splint into tin* pm and it will ne kindle 
to a flame. 


Ejpt. Up, Atima **/ pr>*t*nAt\ Weigh out to griin. of white fhmr t and allow if to 
extract with l on e.e, of distilled water for one hour, shaking from time to time. 
Then filter on a filler pump. The extract will contain the albumin, kmeomn 
(m % n p. 124). Into iiinall think* i*t) and (h) put. tin* following: 

(a) |0 r.r, of the flour extract *f I gun of zvmiti f l e.e. of toluol. 

(ip) 40 e.e, of flour extract 4 1 gtn. of l«?tieil gyndu 4- I e.e. «if fcohiob 
Khaki* both plug with cotton wool mud pliiem them hi an tnmtbttor at l\H il 

for 48 hm, After intruliatinsi, the liquid hi Itoth Lute's, in order to coagulate 
unaltered protein, and filter. To the filtrated of Uie r«»|a*etiv« tulaw add bromine 
water drop by drop tmw p, 12JH,, A pink, *»r purplish-pink colour, due to the presence 
of tryptophan**, will lie f«»rint«| in tntet he), fiettre hydrolysis of protein hint taken 
place. Till (b) will show no eofotir or only Unit due to bromine, Add a litth amyl 
alcohol to IrttfJi tutetM and shake, The alcohol will Ini oolmiml pink or purplish in 
the tula* giving the tryptophane reaction 

ftjrpt Hh Jtiimt *»/ tixiimimr, (Harden and Notvw t lh) Take two attiall Hawks, 
(a) mid (5) f provided with ivelldit.iing cork* and put. in the following i 

(«) 1 gw. of zyiiiin + &> e.e, of dintilfel water 4 s O’A tu*. of iiiuthykiiie hill# 

solution (mail** by diluting A e.e. of a Maturated aUsultolti; Mohitbm to SKXI t!.c. with 
dihtilled water). 

{b) 1 gut oftedtel xytnitt A li c,i*. of«lbtill«tl water A 0*5 ex, of metliykin# hl«« 

aolutiott. 

Cork both after adding n few dro|« of toluol anti pli««i hi an itamhator at 

S8 % C, for S bourn lit#* hhin rolotir will ptmftkmlly cltMAppmir from ttil« (a) hut will 
remain in tiite* \b?. 

The iiiiftliylfw blue m red nerd to a whkh will tacotu* 

hlini again on woixldatioin 


f 
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Expt. 17. Enzyme actions of an aqueous extract of zymin. Weigh out 2 gins. of 
zymin and place them on a double folded filter-paper in a funnel and wanh with 
80 c.c. of distilled water. With the filtrate make the following experiments. 

(A) Action of invertase. (Harden and Zilva, 12.) Into two small flasks (a) and (b) 
put the following : 

(a) 10 c.c. of a 2% solution of pure cane-sugar + 10 c.c. of the filtrate from 
zymin. 

(b) 10 c.c. of the same solution of cane-sugar -f 10 c.c. of the* boiled filtrate from 
zymin. 

Put both flasks in an incubator at 38° (J. After 30 minutes add equal quantities 
(about 1-2 c.c.) of Fehling’s solution to both test-tubes and boil (see p. 52;. Tul>© (a) 
will show considerable reduction of the Fehling. Tube (b) will show comparatively 
little reduction, that which does take place probably being due to the sugar formed 
by the action of glycogenase on stored glycogen. 

(B) Action of the glueoside-splitting enzyme. (Caldwell and Courtauld, 9; Henry 
and Auld, 13.) This enzyme will act upon the glueoside, amygdalin, which is present 
in bitter almonds, with the production of glucose, henzaldrhyde and prussic acftl 
(see p. 145). Into two small flasks (a) and (b) put the following : 

(a) 20 c.c. of a 2% solution of amygdalin -p 20 c.c. of the filtrate from zymin. 

(b) 20 c.c. of the same solution of amygdalin -P 20 c.c. of the haled filtrate from 
zymin. 

Add a few drops of toluol to both flasks and then cork, inserting, with the cork, 
a strip of paper which has been dipped in solutions of picric acid ami sodium 
carbonate (see p. 146). Put both flasks in an incuteitor at 38* 0. for 12 24 hours. The 
picrate paper in flask (a) will have reddened. Add a little Fehling’s solution to the 
liquid in the same flask and boil. The Fehling will ks reduced. The liquid in flask 
(b) will only reduce Fehling slightly [see Expt. A (/;)] and the picrate paper will not 
be reddened. 
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CHAPTER IV 


OARBON ASSIMILATION 


The fact has already been emphasized that the plant synthesizes all tin* 
complex organic substances of which if is built from the simple com¬ 
pounds, carbon dioxide, water and inorganic salts.• The initial metabolic 
process and the one from which all others have their starting-point, is 
that of a synthesis of a carbohydrate from carbon dioxide* ami water. 
This synthesis can only be carried out in the*, light, and only in a green 
plant, i.e. a plant containing chlorophyll. Chlorophyll may almost be con¬ 
sidered the chemical substance of primary importance in the organic world, 
for upon it depends the life of all plants and animals. Animals depend 
for their existence on certain complex amino-acids, some* of which they 
are unable to synthesize for themselves, and which they derive from 
plants. Plants in turn are unable to exist except by virtue of the pro¬ 
perties of chlorophyll. 

The property of chlorophyll which is so important is the power it 
possesses of absorbing the radiant energy of the sun s rays and converting 
it into chemical energy by means of which a carbohydrate* is synthesized* 
This summarizes the whole process, which, however, can scarcely be very 
simple, and probably consists of several reactions at present undifferen¬ 
tiated. If the formula for carbonic acid is eomjmred with that of a simple 
carbohydrate such as a tetrose, pentose or hexose, the following relation¬ 
ship is seen: 

H 2 C0 3 -*- (HgCO)* where a*«4, ft or U, 

that is, in the synthesis of a carbohydrate a reducing reaction must take 
place. 

Many hypotheses have been formulated m to the nature of those re¬ 
actions. The one which has most frequently been advanced suggests 
that formaldehyde is the first product of the synthesis from carbon 
dioxide and water which takes place in the green plant; that the re¬ 
action involves reduction with elimination of oxygen; 

H 3 C0 8 «HsjC0 + 0 2 , 

and that this product is later condensed to form a hexose f 

6H*C 0*C 6 H w O € . 
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As the- concentration of sugar increases in the cell, further condensation 
may take place to form starch: 

x (C(jH 12O0) = (CcjHjoO^aj + cV H 2 0 . 

The facts in agreement with these views are: first, in most plants a 
volume of oxygen is given off approximately equivalent to the volume 
of carbon dioxide absorbed; secondly, in some plants starch, in others 
sugar, is known to be produced during photosynthesis. The detection 
of formaldehyde, either in the plant or in certain systems containing 
chlorophyll, as a proof of its formation during photosynthesis, has been 
shown to be invalid (see p. 36) (Jorgensen and Kidd, 2). 

The value and significance of this reducing reaction is seen when it 
is realized that, by oxidation of the carbohydrates synthesized, energy is 
produced to supply the needs of the whole metabolism of the plant 
(see p. 5). 

In the chemical treatment of the subject of carbon assimilation, some 
of the chemical properties of chlorophyll will first be considered, and, 
later, its behaviour under certain conditions: the chemistry, however, of 
the phenomenon itself is as yet unknown. 

The following account, as far as it concerns chlorophyll, and the 
accompanying experiments are taken from a resume (Jorgensen and 
Stiles, 3) of the original work (Willstatter und Stoll, 1) upon which the 
entire knowledge of the subject is based. 

Chlorophyll. 

Our knowledge of the chemistry of chlorophyll has, within recent 
years, been set upon a firm experimental basis (Willstatter und Stoll, 1). 
The results which have been arrived at may broadly be summarized as 
follows: 

In all plants examined the chloroplastids contain four pigments, of 
which two (termed respectively chlorophylls a and b) are green, and 
two are yellow. They occur in about the following proportions in fresh 
leaves: 

p (Chlorophyll a ... C w H 72 0 B N 4 Mg ... 2 pts per 1000 

ureen | Chlorophyll b _ Ofi5 H 70 O 6 N 4 Mg ... f „ 


YpIIaw f^ aro ^ n *.C^Hgg . •*•• • \ » 

(Xanthophyll ...C^H^O^ .| „ 


A point of great interest in connexion with chlorophyll is that it 
contains magnesium to the extent of 2*7 % but no other metal is present. 
Chlorophyll a, when isolated, is a blue-black solid giving a green-blue 
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solution in the solvents in which it is soluble, i.e. ethyl alcohol, acetone, 
chloroform, ether, carbon bisulphide, pyridine and benzene. Chlorophyll 
b, when isolated, is a green-black solid giving a pure green solution : it 
has much the same solubilities as chlorophyll a. The two chlorophylls, 
however, can be -separated by their different solubilities in methyl 
alcohol. Both can be obtained in microscopic crystals. 

Carotin crystallizes in orange-red crystals, and xanthophyll in yellow 
crystals. 

In,the chloroplastids these pigments occur mixed with various colour¬ 
less substances, fats, waxes, and salts of fatty acids. 

When chlorophyll is spoken of, it will be understood to refer to the 
green pigments and not to the yellow. 

The pure pigments, when isolated , are readily soluble in acetone, ether 
and benzene. When very thoroughly dried nettle, leaves are treated' 
with pure acetone, no green colour is extracted, but if a few drops of 
water are added, the extract becomes green. Also if acetone is poured 
on to fresh leaves, the pigment is extracted. The explanation offered 
for these phenomena is that chlorophyll is present in a colloidal condition 
in the cell. This point will be considered again later (see p. 35). 

The Common Nettle ( UHim) is the plant which has been used for 
material for the extraction of chlorophyll on a large scale, and it also 
forms very useful material for extraction on a small wale*,. The pigment 
has been found to be unaltered by drying, and, since dried leaves involve 
far less bulk and dilution of solvents, mate‘rial should be dried before 
using. Some leaves (Elder and Conifers) are spoilt by drying. From 
dried leaves pure solvents, such as petrol other, benzene and acetone, 
extract very little pigment for reasons which will be mentioned later, 
blit if the solvents contain a moderate amount of water, the pigment is 
readily soluble. About 80% acetone is the best solvent. The nettle* 
leaves are removed from the stalks and laid on sheets of paper to dry. 
When well air-dried they are finely powdered, and the powder further 
dried at 30-40° C. in an incubator. The leaf-powder cart be kept for a 
considerable time in a well-stoppered bottle. 

Expt 18. Extraction of pigment Two grains of loaf-powder are mieke$ to a filter* 

paper on a small porcelain funnel and 2-3 c.c. of 85% acetone are added. Tins m 
allowed to soak into the powder for a few minutes. The fluid is then sucked through 
with the pump. The operation is repeated until 20 c.e. of the solvent have been 
added, when the powder is sucked dry, A deep blue-green solution with a ml 
fluorescence is obtained which contains all the four {figment** from the leaf. The 
acetone extract thus obtained is then poured into double the quantity of jmtrdHktr 
contained in a separating funnel An equal quantity of distilled water is added, this 
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being poured gently down the* side of the funnel in order to avoid the* formation of 
emulsions. In the ronr.se of a lew' minutes, the ether layer ho para tea out and now 
contains the*, pigments. The lower layer, which is slightly green, in run off. The 
addition of distilled water and subsequent removal of the* lower layer is repented 
about four time*, in order completely to remove the acetone from the et her solid son. 
If the (‘then* solution should have become at a,11 emulsified, it can be clean*d In 
shaking with anhydrous sodium sulphate* and filtering. 

The whole process should he repeated with another 2 gui.x of leaf powder and the 
pigment transferred to c/Arr, since a solution in this solvent is required for 1 iter 
experiments. 

Ej'pt. 19. Jkmmmtmtion of th*' prmvnoo <f ^hUnuzphpth a mai h, ( >f the petrol 
ether solution from the hist experiment, lOe.c. an* shaken with 10 c.r. of 92 f, m meth t v i 
alcohol. Two layers are formed of which the petrol ether layer contains chlorophyll 
a, and the methyl alcohol layer chlorophyll h. The solution of chlorophyll n is blue* 
green, while that of chlorophyll h is a purer green, but the colour difference between 
them is diminished owing to the presence of the yellow pigments, of which carotin 
in in the petrol ether, and xanthophyll in the methyl alcohol. 

Ah will be explained later, the green pigments of chlorophyll can be 
saponified by alkalis and are then insoluble in ethereal solution. 
method can he adopted to sejmmte the green from the yellow pigments, 
xunfchophyll and carotin. 

Erpt. 20. StpMtmtimz tf nmi prtltnr pi*jm*nt» t Shake ft e.e, of uu ether 

solution of the pigments fKxpt. !Hj with 1 r.rn of no **/ r ? caustic potash m methyl 
alcohol (obtained by tliawlving 30 gm«. of jjotmmiuiii hydroxide in loo c e. of methyl 
alcohol 1 /- After tbe green colour hm reappeared, alowb add 10 tw, of water and 
then add a little more ether. On shaking the fcitidTulie, two layers are produced, of 
winch the lower watery fdkaimo one contains the saponified green pigments while 
the carotin and mritliophyll are eoubdned in tlie up|w?r ethereal layer, 

Ejcpt, 21. of |/#c tm> pdlnrn ptymmt** The ether layer obtained in 

the licit expcrtniMit m wimiwd with water in a Mepamittig fuumd, attd 

down to 1 ex*. It in then diluted with 10 ex, of fmtrol ether and nmi tutted with 
10 e.e. 1*0% methyl alcohol The methyl ukoliolki layer is removed ititd r.lm parol 
ether layer is again treated with methyl alcohol and tin* methyl alcohol iigiyn 
removed. This process is repM-ecl until the m«*tliyi alcohol m no longer coloured. 
Hie methyl alcohol contains the xiinthopliylh fiiti fietrol ether the ♦wotim 

Further account* of the yellow pigment* nre given on p, -ill. 

The beat known reaction* of chlorophyll arc those which take place 
with acids and alkalies rcMpcctivcly. 

Chlorophyll is a neutral nulmUmm^ mat, on tivnUfienf with alkali**^ 
it forum salts of acids, the Iattur being known m tdtlorophyllttw, Tittle 
milts are soluble in water forming green solutions which tire not however 

1 The methyl alcohol mmt he very pure, oilier wine the ah-oliolir potfosli «t<)uUtm #ill 

bmmm brawn mid 4lm>hmwL 

r:fj J'/j 

im 


2,881 
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fluorescent. Chlorophyll a may be represented as the methyl phytyl 
ester of an acid chlorophyllin (phytol is a primary alcohol, see p. 98): 

>COOCH s y COOH 

C ; .,H. J0 ON,IVIg<" C ;t2 H :w ON 4 Mg<; 

N COOC,„H. S! , n COOH 

Chlorophyll a Chlorophyllin 

On treatment in the. cold with alkali, the ester is saponifiod, and the 
alkali salt of chlorophyllin is formed. .During saponification, there Is a 
change of colour in the pigment, the so-called brown phase, followed by 
a return to green. 

Expt. 2 2. Saponification of a mixture of the green pigment®, i'mtr a lit fit* of the 
ether solution obtained in Expt 18 into a test-tube, and in a pipette take, a little 
30% solution of potash in methyl alcohol. Place the lower end of the pipette at the 
bottom of the test-tube and allow the potash to run in below the chlorophyll solu¬ 
tion. At the interface between the solutions there appears immediately a brown- 
coloured layer which diffuses on shaking. In alnmt ten minutes it changes hack 
through an olive-green colour to pure green. 

The chlorophyll has been saponified to the potassium salt of the add chlorophyh 
lin. This salt is insoluble in ether, so if water is added to bring about n separation 
of the two layers, the green colour is no longer present in the ethereal layer. 

The change of colour on saponification is different for the I wo 
chlorophylls, the brown phase produced in the above mixture of chloro¬ 
phylls being due to a yellow phase produced by chlorophyll a, and a 
brown-red phase produced by chlorophyll 6. To demonstrate this the 
phase test (Expt. 22) may also be carried out separately m the two 
chlorophylls. 

Expt. 23. Saponification of chlorophylls a and h separately. The methyl alcohol 
solution obtained in Expt. 19 is transferred to ether as in Expt. 18. Both the latter 
and the petrol ether solution of chlorophyll a are saponified as in the previous 
experiment. 

As already demonstrated the potassium salts of the ehlorophyllnm 
which are produced by saponification of the mixture of green pigments 
in the cold are not fluorescent By saponification of chlorophyll with 
hot alkali, isochlorophylims are formed (see Expt 24 below) which are 
fluorescent 

On heating chlorophyllins with concentrated alcoholic alkalies, a series 
of decomposition products, phyllins (also acids) are obtained by removal 
of carboxyl groups. The final phyllin has only one carboxyl group. When 
this is removed, a substance, aetiophyllin, € m H u N 4 Mg t is obtained which 
contains no oxygen (see Scheme 1, p. 94). 

Another difference between the results of treating chlorophyll with 
hot and cold alkali is that in the former process the yellow pigments are 
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destroyed. If then water is added after saponification with hot alkali, 
and the solution is shaken up with ether, the ether will remain colourless. 

When chlorophyll is treated with acids, a different reaction takes 
place. The chlorophyll changes in colour to olive-green and loses most 
of its fluorescence. The magnesium of the molecule is removed, being 
replaced by hydrogen, and the resulting product is termed phaeophytin 
(see Scheme 1, p. 34). 

From phaeophytin a series of decomposition products have been 
obtained, which fall into two groups, the phytochlorins and the phyto- 
rhodins. The phytochlorins are olive-green in colour, and are derived 
from chlorophyll a; the phytorhodins are red, and are derived from 
chlorophyll b . The phaeophytins from the two chlorophylls are indis¬ 
tinguishable until the above decomposition products are obtained. 
(The original discovery of two kinds of chlorophyll was brought about 
by the differentiation of these decomposition products.) 

A number of phytochlorins and phytorhodins have been identified 
and are designated by letters a, b, etc. By employing a uniform method 
of treatment, however, two of these products, phytochlorin e and phyto- 
rhodin g , can be secured. 

The phytochlorins and the phytorhodins are of course magnesium-free 
compounds and can be obtained by the action of acid on the chlorophyllins 
and isochlorophyllins. Phytochlorin e and phytorhodin g, in particular 
are obtained by the action of acid on isochlorophyllins, i.e. they are' 
magnesium-free isochlorophyllins. They are formed by the addition of 
acid to the products of saponification with hot alkali.’ 

The separation of the various phytochlorins and phytorhodins can be 
brought about by means of their different distribution between ether 
and hydrochloric acid: each compound can be extracted from ether 
according to the concentration of the acid used. 

Expt. 24. The formation of phytochlorin and phytorhodin. 5 c.c. of an ether 
solution containing both chlorophylls a and b are evaporated to dryness in a test- 
tube in a water-bath, and the residue treated with 3 c.c. of boiling 30 % potash 
solution in methyl alcohol, and boiled gently for half a minute. A liquid with a red 
fluorescence is produced which consists of a solution of the potassium salts of 
isochlorophyllins. The solution is diluted with double its volume of water, and 
concentrated hydrochloric acid is added until the solution is just acid. The liquid is 
then shaken with ether in a separating funnel : the dissociation products produced 
by the previous treatment pass into the ether solution which thus acquires an 
olive-brown colour. 

The ether solution is shaken twice, each time with 10 c.c. of 4% hydrochloric 
acid (sp. gr. 1*02 Le. 12*9 c.c. strong acid: 87*1 c.c. water), and the green-blue acid 
layer is separated and neutralized with ammonia and shaken with more ether, which 
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then contains in solution phytochlorin e, the derivative of chlorophyll a# ^he pliyto- 
chlorin e gives to the ether an olive-green colour. 

The ether layer remaining in the funnel, after the separation of* -the green-blue acid 
layer, is now extracted with lOc.c. of 12 % hydrochloric acid (up. g r . 1*06 i.e. 381 c.c. 
strong acid: 61*9 c.c. water). The green acid solution so obtained is diluted with 
water and shaken with ether which then becomes coloured red *xnd contains phyto- 
rhodin //, the derivative of chlorophyll b. 


If the phyllins are acted upon by mineral acids, they lose their 
magnesium in the same way as this chlorophyll ins, *vnd the series of 
substances obtained in this way arcs termed porphyrins. Thus aetiophyllin 
will give aetioporphyrin 0 ;(1 H so N 4 (see Scheme 1, p. 34). 

The derivatives of chlorophyll which are fret* from magnesium, such 
as phaeophytin, phytochlorin, phytorhodin, the various porphyrins, etc. 
combine readily with the acetates of some metals sucht as copper, zinc 
and iron, and they form intensely coloured, stable compounds. The change 
of colour is so noticeable that the smallest traces of certain metals can 
be detected in this way. Hence it is very difficult} to prepare the 
magnesium-free chlorophyll unless the reagents are perfectly pure and 
all contact with certain metals is avoided. 


Expt. 25. Substitution of copper for magnesium, in chlorophy 6C. 2 c.c. of an ether 
solution of chlorophyll are shaken with a little 20 % hydrochloric acid (sp. gr. 1TO 
i.e. 62*4 c.c. strong acid: 37*6 c.c. water), and then washed with waiter in a separating 
, funnel. In this way is produced in ether solution the 1 nmgncBiurn-free chlorophyll 
derivative, phaeophytin. The solution is evaporated down on a, water-bath, and the 
residue dissolved in 5 c.c. of alcohol. The solution is olive-green in colour. This is 
heated and a grain of copper acetate or zinc acetate is added. The colour changes 
back to a brilliant green, but without fluorescence (if all the ohlorophyll has been 
converted into phaeophytin). 

From the results of these recent investigations, it is now possible to 
write formulae for the two chlorophylls as follows: 

chlorophyll a (CwH^O N 4 Mg) (COOCH ;j ) (COOOaoH*,) 
chlorophyll b (C :ffl H 28 0 2 N 4 Mg) (GOOCH*) (COOO^hi B9 ) 

from which it will be seen that the phytol component/ amounts to one- 
third of the weight of the chlorophyll 

From the analyses of chlorophylls from different plants, it was found 
that the phytol content varied, and plants which yielded little phytol 
most readily produced “crystalline chlorophyll,” a form of the pigment 
which has been known for some considerable time to previous workers. 
The Cow Parsnip (Heraolewn Sphondylium), Hedge Womndwort (Stocky# 
syhaMca) and Hemp-nettle (Galeopm Tetrahit) are plaints which readily 
give crystalline chlorophyll In this connexion it ha^ been suggested 
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that the chlorophyll in plants is accompanied by ail enzyme, chlorophyl- 
lase, which, in alcoholic media, brings about alcoholysis of the chlorophyll, 
and replaces the phytyl by the ethyl radicle. The products, formerly 
known as crystalline chlorophyll, are now termed cKlorophyllides: 

(C 32 H 3() ON 4 Mg) (COOCH :i ) (COOa 20 H, y ) + C 2 H r> OH 

= C 20 H 39 OH + (C :}2 H 30 ON 4 Mg) (COOCH 3 ) (COOC 2 H,). 
Phytol Ethyl chlorophyllide 

Similar chlorophyllides are produced by other alcohols. In aqueous 
solutions chlorophyllase brings about hydrolysis and the free acid 
chlorophyllide is formed (see Scheme 2, p. 34): 

(C 32 H 30 ON 4 Mg) (COOCH3) (COOC 20 H 39 ) + H 2 O 

^C 2 oH3 9 OH + (C :}2 H.joON 4 Mg)(COOCH ;i )(COOH). 

Chlorophyllide 

Chlorophyllase is a very stable enzyme ; it is not even destroyed by 
boiling in alcohol for a short time, but if leaves are boiled in water, the 
enzyme is destroyed. 

Expt. 26. Microscopic examination of ethyl chlorophyllide. Prepare sections of 
fresh lleracleum leaves and mount them in a drop of 90 % alcohol. Leave the slide 
under a bell-jar containing a dish of alcohol. The section slowly dries in the course 
of half a day or a day. It is then examined under the microscope when there will be 
observed the characteristic triangular and hexagonal crystals of ethyl chlorophyllide 
(crystalline chlorophyll). 

Expt. 27. Production of methyl chlorophyllide in the leaf. Sections may be used 
as in the preceding experiment, or a piece of a leaf may be employed. In the latter 
case a test-tube with 4 c.c. of 75% methyl alcohol is taken and 1 gm. of fresh leaf 
is added to it. The leaf first becomes a darker green and then during the course of 
a few hours becoxnes yellowish. On holding the leaf to the light there can be 
observed with the naked eye a number of black points. If sections of the leaf be cut 
and examined under the microscope, these spots appear as aggregates composed of 
rhombohedral crystals, occurring in certain cells. 

Expt. 28. Extraction of ethyl chlorophyllide. Two grams of dry lleracleum leaf- 
powder are left for a day in a test-tube containing 6 c.c. of 90% alcohol. The extract 
is then filtered through a small porcelain funnel and the powder on the filter washed 
with a little acetone. The filtrate is mixed with an equal quantity of ether, and then 
with some water. The ether solution is transferred to a separating funnel and 
thoroughly washed with water, and then concentrated on a water-bath to \ or 1 c.c., 
and 3 c.c. of petrol ether are added. On standing, the ethyl chlorophyllide is pre¬ 
cipitated in the form of crystalline aggregates. It is freed from yellow pigments by 
shaking with a little ether, and can be further purified by redissolving in ether and 
precipitating again with petrol ether. 

Expt. 29. The action of chlorophyllase. Fresh leaves of a species rich in chloro¬ 
phyllase, e.g. Heraclemn or Qaleopsis, are finely divided and put in a 70 % acetone 
solution, 3 c.c. of solution being used for every gram of leaf-powder. The chlorophyll, 
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by means of the chlorophyllase, is hydrolyzed into phytol and the acid chlorophyllide. 
This can be demonstrated after about a quarter of an hour if the solution is diluted 
with water, transferred to ether and shaken with 0*05 % sodium hydroxide. The 
sodium hydroxide takes up more colouring matter the further the enzyme action 
has progressed. 

Expt. 30. The destruction oj chlorophyllase . If fresh leaves of a species rich in 
chlorophyllase are first steeped in boiling water for a few minutes before they are 
placed in the acetone solution, unaltered chlorophyll is extracted which does not 
react with dilute alkali. 
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By treatment with acids, magnesium is removed from the chlorophyl- 
lides, with the production of the corresponding phaeophorbides. Thus 
methyl chlorophyllide a gives methyl phaeophorbide a, etc. (see 
Scheme 2, above). 

It has been previously mentioned that water-free solvents, such as 
acetone, ether and benzene, in which pure extracted chlorophyll is 
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soluble, will not extract the pigment from thoroughly dried leaves, but 
if a little water is added, it readily goes into solution. From fresh leaves 
also these solvents can extract the pigments. 

As an explanation of the above phenomena, it has been suggested 
that chlorophyll in the chloroplastid is in the colloidal state, and that, 
when water is added to the dried leaf, a solution of mineral salts in the 
leaf is formed which alters the colloidal condition of the chlorophyll and 
makes it soluble. This view is supported by the fact that if a colloidal 
solution of chlorophyll in water, made from the pure extracted pigment, 
is shaken with ether, the ether remains colourless. If, however, a little 
salt solution is added and the mixture shaken, the ethereal layer 
becomes green. In preparing the colloidal solution the solvent, acetone, 
is replaced by the medium, water, in which chlorophyll is insoluble. 

The condition of chlorophyll is altered by plunging the leaves into 
boiling water. The pigment is then much more readily soluble in ether, 
etc., even when the leaves are subsequently dried. It is supposed that 
the chlorophyll has diffused out from the plastids, and is in true solution 
in accompanying waxy substances which have become liquid owing to 
change of temperature. 

Expt. 31. Preparation of a colloidal solution of chlorophyll. Take 10 c.c. of an 
acetone extract of chlorophyll (Expt. 1S) and pour this acetone solution into a large 
volume of distilled water (100 c.c.), the liquid being continually stirred. This opera¬ 
tion can be most conveniently done by taking the acetone solution in a pipette and 
allowing it to run out of the pipette while the latter is used as a stirring rod in the 
water. Note the change in colour to a purer green, and the disappearance of 
fluorescence. 

Expt. 32. To demonstrate the difference between a true and a colloidal solution of 
chlorophyll. Evaporate 10 c.c. of an acetone extract (Expt. 18) to complete dryness 
and test its solubility in ether, petrol ether and benzene. It is soluble in all three 
solvents. Now add those solvents to some of the colloidal solution prepared in the 
last experiment, and note that the chlorophyll does not dissolve in any of those 
solvents. If, however, some salt solution, e.g. a little magnesium sulphate, be added, 
the chlorophyll is precipitated from its colloidal state and is now soluble in ether 
and other solvents. 

Expt. 33. To show that chlorophyll in the plant is probably in the colloidal 
condition. Some nettle powder is carefully dried, e.g. by keeping it at 30-40° C. in an 
oven, and then further drying in a vacuum desiccator over sulphuric acid. Small 
quantities of this dry powder are put in test-tubes, and different pure water-free 
substances such as acetone, ether, benzene and absolute alcohol are added. Note 
that these solvents are not coloured by the chlorophyll. It can be demonstrated that 
the extracted pigment is easily soluble in any of these substances. Repeat the experi¬ 
ment with nettle powder moistened with a few drops of water, and note that the 
solvents are immediately coloured. 
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Expt. 34. Pure solvents are able to extract chlorophyll from fresh leaves. Crush 
10 gins, of fresh leaves of nettle, horse-chestnut or elder in a mortar with some clean 
sand, and put the crushed material on a filter-paper in a porcelain funnel. Add 
20 c.c. of pure acetone and suck it through by means of a water-pump. Repeat this 
several times. The pure solvent is here able to extract the pigment. 

Expt. 35. Treatment of fresh leaves with boiling water changes the condition of 
the chlorophyll. Dry a quantity of leaves which have been put in boiling water and 
examine their solubility as in Expt. 33. Note that the chlorophyll in this powder is 
soluble in pure solvents. 

There is finally another change which chlorophyll can undergo, 
namely that of allomerization, which takes place in alcoholic solution. 
The characteristic of allomerized chlorophyll is that it does not give the 
brown phase when treated with alkali (see Expt. 22). Allomerization is 
accelerated in alkaline solution but inhibited by small quantities of acid. 

Expt. 36. To demonstrate that allomerized chlorophyll does not give the brown 
phase test. Dissolve a little crude chlorophyll, obtained by evaporating an ether 
solution,, in absolute alcohol. To a sample of this add a little alkali, and perform the 
phase test, from time to time, till at last the brown phase no longer appears. 


Connexion of Chlorophyll wrxH Formaldehyde. 

In addition to the above, another chemical property of chlorophyll 
of great interest, is that connected with the production of formaldehyde. 
Those investigators, who have sought to confirm the formaldehyde 
hypothesis of carbon assimilation, have based their evidence on tests for 
formaldehyde both in the plant and in chlorophyll-containing systems 
outside the plant. By exposing films, or solutions, of chlorophyll to light 
in presence of carbon dioxide, they have detected formaldehyde as a 
result (Usher and Priestley, 5). 

The most recent investigations (Jorgensen and Kidd, 2) have shown 
fihat the experimental evidence is at present inadequate to support the 
hypothesis, since formaldehyde arises from chlorophyll itself in the 
absence of carbon dioxide. 

In this later work (Jorgensen and Kidd, 2) on the behaviour of ex¬ 
tracted chlorophyll in light, use has.been made of a colloidal solution (see 
p. 35) of pure chlorophyll (chlorophylls a and b) for experimental work. 
The solution for this purpose must be prepared from* pure chlorophyll, 
which has been tested and shown to be free from yellow pigments, since 
the latter absorb oxygen and may confuse the issue of the experiment. 
The pure chlorophyll is prepared by extracting dried nettle leaves with 
80-85 °/ 0 acetone in the usual way and transferring to petrol ether (p. 28). 
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The petrol ether extract is then washed with 80 % acetone to remove 
colourless impurities, and with 80 % methyl alcohol to remove xantho- 
phyll. Finally all traces of acetone and methyl alcohol are removed by 
washing with water. This renders the chlorophyll insoluble in petrol 
ether, since it is only soluble in this solvent if traces of other solvents 
are present. Hence the pigment is precipitated out as a fine suspension, 
leaving the carotin in solution. The chlorophyll is filtered off through 
powdered talc, taken up in ether, reprecipitated by petrol ether and 
finally obtained as a blue-black micro-crystalline substance. The col¬ 
loidal solution or sol is made by dissolving 0*4 gm. of pure chlorophyll in 
3 c.c, of absolute alcohol and pouring into 300 c.c. of distilled water. 

The advantage of using such a solution is that the experimental 
conditions, in all probability, approach more nearly to the conditions in 
the plant, and reactions with other substances take place more readily 
than when the chlorophyll is used as a film. The use of pure, instead of 
crude, chlorophyll is also important as by this means it is possible to 
determine the changes taking place in chlorophyll itself without complica¬ 
tions arising from the accompanying impurities. The discordant results 
of various workers on this subject are doubtless due to the employment 
of crude chlorophyll. Ethyl alcohol is the best solvent for preparing 
the sol since it does not produce formaldehyde when exposed to light 
under ordinary circumstances in glass vessels. Methyl alcohol and 
acetone should be avoided as they themselves either contain or give rise 
to formaldehyde. 

The chlorophyll sol is electro-negative. It is stabilized by weak 
alkalies, but precipitated by weak acids. 

Working with such a colloidal solution the results may be summarized 
as follows. 

When a chlorophyll sol is exposed to light in an atmosphere of 
nitrogen in a sealed tube, no apparent change takes place in the chloro¬ 
phyll, and no formaldehyde is produced. 

When exposed in an atmosphere of carbon dioxide in a sealed tube, 
the chlorophyll rapidly turns yellow- or brown-green. In the case of 
sols of high concentration, the colour-change is preceded by precipitation 
of the pigment. The same change takes place in the dark, only more 
slowly. No formaldehyde is produced, and no absorption of carbon 
dioxide could be detected. The yellow product has been shown to be the 
magnesium-free derivative, phaeophytin, which is produced from the 
pigment by the action of acids. The changes observed are explained by 
the fact that the carbon dioxide, acting as a weak acid, first precipitates 
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the sol, if concentrated, and then acts, like other weak acids, on the 
chlorophyll, producing phaeophytin. If the solution is kept neutral by 
addition of sodium bicarbonate, there is no colour change. The identity 
of phaeophytin was shown by the spectrum and by the restoration of 
colour on adding a trace of copper acetate. 

When exposed to light, and the atmosphere in the sealed tube is 
replaced by oxygen or air, the chlorophyll turns yellow- or brown-green 
as before and then bleaches. The change of colour from green to yellow 
or brown is again due to the formation of phaeophytin, this being brought 
about by the presence of an acid substance, which is produced during 
bleaching, and increases throughout the process. Formaldehyde can be 
detected in a very slight amount during bleaching, but is formed in 
much greater quantity after bleaching is complete. 

It is suggested that the formaldehyde is produced by the oxidation 
and breaking down of the phytol component of the chlorophyll: * 

CH 3 —CH—CH—CH—CH—CH — CH— CH—C = C—CH 2 OH 

!! I 1 I I I I I 

ch 3 ch 3 ch 3 ch 3 ch 3 ch 3 ch 3 ch 3 ch 3 

There is no reason for ascribing to any of the above reactions any 
part in carbon assimilation. There is at present no hypothesis, supported 
by satisfactory evidence, as to the process of carbon assimilation. 

Expt. 37. Detection of formaldehyde m a product of oxidation of chlorophyll . 
Extract 2 gms. of dried nettle leaf powder with 20 c.c. of 80 °/o acetone and transfer 
it to petrol ether as in Expt. 18. Then shake the petrol ether extract four or five 
times with an equal volume of 80 % acetone to remove colourless impurities. Next 
the petrol ether extract is similarly shaken up with 80 % methyl alcohol which 
removes the xanthopbyll. This should be repeated until the methyl alcohol is 
colourless. The petrol ether is finally washed repeatedly with water to remove traces 
of acetone and methyl alcohol. The chlorophyll is in time precipitated as a fine 
suspension, being insoluble in pure petrol ether. This suspension is filtered through 
either kieselguhr or powdered talc on a small porcelain filter. The chlorophyll is 
extracted from the powder on the filter with as small a quantity as possible of 
absolute alcohol. This alcoholic solution is then poured, with constant stirring, into 
100 c.c. of distilled water by which means a colloidal solution of chlorophyll is 
obtained. 

The test to be employed for formaldehyde is as follows (Schryver, 4). To 10 c.c. of 
the liquid to be tested add 2 c.c. of a 1 % solution (freshly made) of phenylhydr&srin© 
hydrochloride, 1 c.c. of a 5% solution (freshly made; of potassium ferricyanide and 
5 c.c. of concentrated hydrochloric acid. If formaldehyde is present a pink to 
magenta colour is developed, either deep or pale, according to the quantity of form¬ 
aldehyde. The reaction is due to the formation of a condensation product of 
formaldehyde and phenylhydrazine, and this compound, on oxidation, yields a weak 
base forming a coloured salt with concentrated hydrochloric acid. The salt is 
readily dissociated again on dilution of the solution. 
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Two modifications (Sehryvcr, 4) can be adopted in applying this test. First, in 
testing for formaldehyde in pigmented solutions, the following course can he pursued. 
The reaction mixture, after addition of phenyl hydrazine, ferricyanide and hydro¬ 
chloric acid, is diluted with water, and ether is added in a separating funnel. The 
hydrochloride of the chromatogenic base is dissociated and the base is taken up by 
the ether. The aqueous solution is run off, and on addition of strong hydrochloric 
acid to the ether, the base passes into the acid as a coloured hydrochloride again. 
By using a small quantity of acid, the sensitiveness of the test is increased, since the 
colour is now distributed through a small quantity of liquid only. 

The second modification consists in warming the solution to be tested for 
a short time with the phenylhydrazine hydrochloride before adding the other 
reagents. In this way, formaldehyde can also be detected if it should be in a poly¬ 
merized form. 

As a control, 10 c.c. of the colloidal solution of chlorophyll should be tested, 
using both the above modifications. The remainder of the solution should he 
exposed to sunlight (or the light from either an arc or mercury vapour lamp) in a 
loosely corked vessel, until it is completely bleached. The bleached solution, on 
testing, will be found to give a positive test for formaldehyde. 


The Yellow Plastid Pigments. 

These have already been mentioned in connexion with the leaf 
pigments (pp. 28 and 29). In addition, however, they have a further 
significance in that they constitute the pigments, located in plastids, 
of most yellow and orange flowers and fruits. Sometimes also they occur 
in other organs, i.e. root of Carrot (carotin). 

Carotin, C 40 H M , is an unsaturated hydrocarbon. It crystallizes in 
lustrous rhombohedra which are orange-red by transmitted and blue by 
reflected light. It is readily soluble in chloroform, benzene and carbon 
bisulphide, but with difficulty in petrol ether and ether. 

One of its most characteristic properties is that it readily undergoes 
oxidation in air, and becomes bleached. With concentrated sulphuric 
acid it gives a deep blue colour. 

XanthophyU, C^H^Os, also forms yellow crystals with a blue 
lustre. It is soluble in chloroform and ether, but insoluble in petrol 
ether. It is more soluble than carotin in methyl alcohol. It gives 
a blue colour with sulphuric acid, and also oxidizes in air with bleaching. 

The separation of the two pigments (see Expt. 21) is based on the 
fact that in a mixture of petrol ether and methyl alcohol containing a 
little water, the carotin passes entirely into the petrol ether, whereas fche 
greater part of the xanthophyil remains in the methyl alcohol layer. 
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CHAPTER Y 


CARBOHYDRATES AND THEIR HYDROLYZING ENZYMES 
The carbohydrates which occur in plants may be classified as 


follows : 

fPentoses, C n H 10 O s —Arabinose, xylose. 

Monosaccharides. J Hexoses, C ( ,H, 2 o'— Glucose, galactose, 

l mannose, laevulose. 

Disaccharides. {Sujyose, maltose, C 12 H 22 O u . 

Trisaccharides. {Raffinose and others. 

(Pentosans, (C B H 8 0 4 ) n —Araban, xylan. 

J Starches, (C 0 H 10 O 6 ) n —Starch, dextrin, inulin. 

Polysaccharides.Mannans, galactans, gums, mucilages, 

pectic substances. 

^Celluloses, (C 6 H 10 O 5 ) n . 


The carbohydrates are widely distributed in plants and form most 
important parts of their structure. Those most commonly found are: 
cellulose, starch, pentosans, dextrin, glucose, sucrose, laevulose, and 
maltose. Other sugars, especially trisaccharides, are known in addition 
to those mentioned above, but they are somewhat restricted and specific 
in their distribution. 

As in the ca ;e of the proteins, so with the carbohydrates, the molecules 
of the more simple and soluble crystalline compounds, such as the 
monosaccharides, are synthesized into more complex molecules which 
exist, either in the colloidal (dextrin), or insoluble state (starch, cellulose). 
The last-mentioned build up parts of the solid structure of the plant. 
The resolution of the solid complex substances into simple ones is 
known in many instances to be brought about in the plant by enzymes, 
and it is highly probable that the synthesis of the complex from the 
simple is also controlled by these enzymes. 

The most commonly occurring sugars in plants are glucose, laevulose, 
sucrose and maltose: sucrose is hydrolyzed by the enzyme, invertase, 
into one molecule of glucose and one molecule of laevulose: rhaltose by 
the enzyme, maltase, into two molecules of glucose. Both jnvertase and 
maltase are widely distributed. The connexion between various sugars 
and photosynthesis, and their inter-relationships with each other in the 
leaves, are reserved for another section. 
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Of the polysaccharides, cellulose is universally distributed in higher 
plants and constitutes the greater part of the cell “Walls. Tin* pentosans, 
galactans and mannans also, but to a lesser degree, are components of 
their structure. Starch, in addition, is very widely distributed : it is 
converted by the enzyme, diastase, into dextrin and maltose, and possibly 
the same enzyme 1 also controls its synthesis. In some plants no siareh 
is formed, and its place in metabolism is taken by inulin or cane-sugar. 

The various carbohydrates will first be dealt with in detail, and Inter 
their inter-relationships will be considered. 

Monos a coha k i obis. 

These are termed tetroses, pentoses or hexoses according to the 
number of carbon atoms in the? molecule. They contain primary 
(-0H 2 0H) or secondary (= CHOH) alcohol groups, and either an 
aldehyde (— CHO) group, as in glucose, or a ketone (= 0= O) group, m 
in laevulose. They are, as a class, white crystalline substances, soluble 
in water and aqueous alcohol, but insoluble in ether, acetone and many 
other organic solvents. They are capable of certain characteristic 
chemical reactions which form a basis for their detection and estimation. 
One of the most important is that connected with the aldehyde and 
ketone groups, owing to which they *iet as reducing agents, being them¬ 
selves oxidized. The reducing action usually employed is that which 
takes place with copper salts in hot alkaline solution, whereby cuprous 
oxide is formed. Hence they are termed “reducing” sugars. Another 
important reaction is the formation of crystalline osazones (only in tin* 
case of sugars with aldehyde or ketone groups), which, by virtue of 
their melting points and characteristic crystalline forms, constitute, in 
several cases, valuable tests for the presence of sugars. 

Pentqsex. 

These sugars contain five carbon atoms, and have the* general formula 
0 6 HioO g . They are said to be present in the free state to some extent 
in leaves (Davis and Sawyer, 10). In plants they occur chiefly, however, 
as condensation products formed with elimination of water. These 
products are termed the pentosans, and are widely distributed; cm 
hydrolysis they yield pentoses again. The various gums found in plants 
consist largely of pentosans, and the pectins also contain pentose groups; 
both consequently yield pentoses on hydrolysis (see pp. 61 and 64). 
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If we examine the structural formula of a pentose, as for example, 
arabinose: 

H—C = O 
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I 

H—C*—OH 

j 

H—C*—OH 

I 
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we see that each of the three carbon atoms marked * is united to four 
different atoms or groups of atoms. Each of these carbon atoms is there¬ 
fore asymmetric, and, with regard to it, there are two possible isomers 
(see p. 9, Cole, 3, for stereoisomerism). It will be found on examination 
that there are eight possible isomers of the formulae given above: 
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Of these only seven have been isolated. The two pentoses which 
occur in plants are 2-arabinose and 2-xylose. These, however, are known 
almost solely as condensation products, pentosans, in gums, woody tissue, 
etc. The pentoses form osazones (see p. 49 for reactions and composition). 

Arabinose. This sugar occurs as the* pentosan, araban, in various 
gums, such as Cherry Gum, Gum Arabic, etc. (see p. 45). 

Some of the properties and reactions of the pentoses'are demonstrated 
in the following experiments. 
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Exft. 38. Tests for arabinose. For reactions a-e use a 1 % solution of arabino.se : 
for reaction f a 02 % solution. 

If pure arabinose is not available, a solution for tests a, b and r can Iks prepared 
from gum arabic. Boil 5 gms. of the gum in 100 e.c. of water with 10 e.e. of con- 
centrated hydrochloric acid for 5 minutes and then neutralize to litmus with alkali. 
Such a solution is only suitable for the specific tests for arabinose, since it also 
contains galactose (see p. fil). For tests a, b and c small pieces of solid gum arabic 
may even be used. 

(a) Heat a few c.c. of the sugar solution in a test-tube with about half its volume 
of concentrated hydrochloric acid. In the mouth of tin* test-tube place a piece of 
filter-paper soaked with aniline acetate (made hy mixing equal quantities of aniline, 
water and glacial acetic acid ). A pink colour will he produced in the pajs*r. This is 
due to the fact that furfural is formed hv the action of the acid on the pentose, ami 
the furfural then gives a red colour with aniline acetate solution : 


OH H' 

1 1 . 

CH*=CH 

CH—-CH— OH 

- 3H s O = 1 No 

1 ,OH 

CH—C< 

CH = C 

i 1 (3 = 0 

\ C 
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■ " *"■ H 

H 

Arabinose 

Furfural 


This reaction, however, is also given hy the hexenes hut to a much less 
extent. 

(b) Warm a few c.c. of the sugar solution with an equal volume of concentrated 
hydrochloric acid in a test-tube, and add a small quantity of phloroglncin. A bright 
red coloration is produced. 

(a) To a few c.c. of the sugar solution in a test-tube add an equal quantity of 
concentrated hydrochloric acid, and then a little solid orcinol. Divide the solution 
into two equal portions. Heat one portion. The solution will become ml changing 
to violet and filially blue, blue-green or green. To the other portion, after hearing for 
a time, add a few drops of 10 <l / 0 ferric chloride solution, A deep green colour is at 
once produced. In both cases, on the addition of a little amyl alcohol, the green 
colour will las extracted by the alcohol. 

(d) a-Naphthol reaction. Add to a little of the sugar solution a few drops of it 
1 % solution of a-naphthol in alcohol. Mix the two solutions and then run in alsmt 
5 c.c. of concentrated sulphuric acid down the side of the fernt-tuta. A violet oolono 
tion is produced at the junction of the two liquids. The coloration is due to it 
condensation product of a-naphthol with furfural, the latter ladng formed by the 
action of the acid on the carbohydrate. This reaction is likewise given by luavtilose 
and cane-sugar (since it yields litevulose, see p. 52), and le«s strongly by gltteiw© and 
maltose ; also by some proteins which contain a carbohydrate group. 

(e) Boil a little of the arabimm solution with a few drop* of Kohling'* solution. 
Reduction will take place. 

( f ) Make the osassone of ambinone following the instruction* given for gluccmiijone 
(see p. 49). 
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A solution of nrabinose which will give tho pentose reactions can also 
bo obtain(*(I by hydrolysis of Cherry ( him. Tho gum noy.es from fh<* hark 
of various spoci os of Pnuutx, such as tho (hit ary ( Prtuufx (hwuxnx) and 
t he Bird Cherry ( P. Pail ns), 

Kr/ft. 30. Preparation 4tf t/ft/huttiHf W utitut from (’/tern/ (him. Tlu* gum is healed, 
«>n a water-bath in a round-bottomed flask fitted with an air condenser 1 , with 
dilute sulphuric acid fl pi. by wt. of gum : 7 pis, by vvt. of 1 “ „ sulphuric acid > Ibr 
about a hours. The solution is then neutralized with calcium eaVhonaJ.c and filtered. 
Perform the tests a r h and c of Kxpt. on the solution. A |n*.sit,is o result, in obtained 
in each case. Since the solution contains other sugars as impurities, it cannot, con 
clusivoly be used for tests <-/, c und /. If a considerable quantity of gum is available, 
crystallization of arabinone should be. attempted by conreutrailng the aqueous sugar 
solution, extracting thin with 00„ alcohol and again concentrating in a desiccator 
(set; p. 53 }. If a very small quantity of j 4 u.n 1 only is available, the; testa a, f> amt c 
should be performed tlirecfly on a. small piece of the gum in a test-tube. 

A purer preparation of arahino.se, which may be awed for all the tests 
of Kxpt. 88, can he obtained by the hydrolysis of aruban (srr Kxpt. 48). 

Xylose. This sugar occurs very widely distributed in woody t issue ns 
the pentosan, xylan (set* p, 58j. A solution of xylose which will give the 
pen tone reactions can be obtained from the hydrolysis of straw. 

Kept, to. P re pan it inn of .rylme mbit i tut from Hiram. Take about 50 gm«, of straw, 
which has tom eftt up into snmil pieces, and put it into a round-lw>if,onied flank 
fitted with an air condenser. Add sufficient 5 % sulphuric act*! to cover the straw 
and heat on 11 water bath for M 3 hrs, Filter off the solution, neutralize with 
calcium carbonate and filter again. Make with the solution flic tests a and e of 
Kxpt 3H. The solution will also reduce Feb ling’s solution nf rongly, but thin reduction 
may bn partly due to other sugars fortui*! in the hydrolysis. 

The presence of xylan giving the | teuton# reactions can a I mo fm domotmtmted m 
straw, bran or sawdust by merely beating small quantities of these substances in «, 
test-tuix; with the above reagents (am Kxpt. tip. 

A purer solution of xylose can be obtained from the hydrolysis of 
xylan (nee Kxpt. 51). 

When xylose in oxidized with bromine, it yields xytonio acid which 
has a chamctoriKtic mdmium wilt. The formation of this suit is used uh n 
method for identifying the sugar (see Kxpt. 51 ), 

llKxmm, 

Glucose. This futbsiaiieo* which m also known as grji|jn-Htigfir, is very 
common and very widely distributed in plants. It omit* in tin* fifties 
of leaves, sterns, root#, flower# and fruits. It in produced its a result of 

1 Lit. a wide pine# of gi»i» tubing about # ft. long pi»*liig through tint cork. 
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the hydrolysis of cane-sugar and maltose, and, in all probability, is the* 
first sugar synthesized from carbon dioxide and water. Its synthesis and 
its relationships to other sugars will be discussed later (set 1 p. <>9 ). It is 
a white crystalline substance, readily soluble in water and aqueous 
alcohol, but only slightly soluble in absolute alcohol. 

If, as in the case of a pentose, we examine the structural formula for 
a hexose, such as glucose : 
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we see that there are four carbon atoms marked * which are united 
to four different groups of atoms. It will be found in this case tlmt there 
are sixteen possible isomers: 
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These four unknown 


Though many of the above sugars have been synthesized artificially, 
only three are known to occur naturally, i.e d-glucose (dextrose or grape- 
sugar), d-mannose and d-galactose. 

Since compounds containing asymmetric carbon atoms are optically 
active, i.e. can rotate a plane of polarized light, it follows that the sugars 
under discussion are optically active. 

d-glucose is dextro-rotatory. 

When either d- or Z-glucose is first dissolved in water, it is chemically 
less active than would be expected of the aldehyde form depicted above. 
This is explained by assuming that glucose, when first dissolved in water, 
exists in the condition of a 7-lactone: 



CHoOH 
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In the above state the carbon atom marked * is also asymmetric so 
that two forms of glucose are possible, a- and noose : 

HO— Cc^OH 
H- 

H O C — 0 

H I 

H—C—OH 

1 

CHi>OH 
a~( Uucoso 

In solution, both the above forms pass by tautomerism into the 
aldehyde form. 

In the plant there are,as will be described later (p. 142), many aromatic 
and other compounds containing one or more hydroxyl groups. These 
hydroxyl groups of the aromatic substances are frequently replaced by 
a glucose (or other sugar) molecule, and such compounds are termed 
glucosides, as, for instance, salicin, the glueoside of salicylic alcohol which 
occurs in Willow bark (see p. 152): 

H 

/>'°\ 

HC CH 



CH a OH 

Salient 

These substances, moreover, may be classified either as or 
glucosides according to which of the above a or ft forms of glucose* 
combine with the residual part of the compound* Various gluconideH will 
be dealt with in Chaps, vn and ix. 

ExpL 41. Tents for glucose. Before dealing with the sugars actually isolated from 
the plant, it is advisable that the following tests and reactions should lw jwrformed 
■with pure glucose using a 0*2 % solution. 

(a) Moores test Boil a little of the glucose solution with an equal volume of 
caustic soda solution. A yellow colour is develoj>ed which is due to the formation of 
a condensation product (caramel) of the sugar. 
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(b) Trommels test. Add a few drops of a 1 % copper sulphate solution to 2-3 c.o. 
of 5% caustic soda solution. A blue precipitate of cupric hydroxide is formed. Add 
now 2-3 c.c. of the glucose solution, and the precipitate will dissolve. On boiling, 
the blue colour disappears, and a yellow or red precipitate of cuprous oxide is formed. 
If only a little sugar is present the blue colour will disappear, but no oxide may 
be formed. 

(e) Fehling's test. Boil a few c.c. of freshly made Fchling’s solution in a test-tube 
and note that it is unaltered. Then add an equal quantity of the glucose solution 
and boil again. A red precipitate of cuprous oxide is formed. 

(d) Osazone test. Take 10 c.c. of a 0*5 % solution of glucose in a test-tube and 
add as much solid phenylhydrazine hydrochloride as will lie on a sixpenny piece, 
at least twice as much solid sodium acetate and also 1 c.c. of strong acetic, acid. 
Warm gently until the mixture is dissolved and -filter into another test-tube. Then 
place the tube in a beaker of boiling water for at least \ hour, keeping the water 
boiling all the time. Let the test-tube cool slowly, and a yellow crystalline deposit 
of phenylglucosazone will separate out. Examine this under the microscope and it 
will be found to consist of fine yellow needles variously aggregated into sheaves and 
rosettes. Glucosazone melts at 204-205° 0. 

The osazone reaction takes place as follows : 

CH 2 OH (CHOH) 4 CHO + H 2 N * NHC ( ,H f) = CH 2 OH (CHOH) 4 CH : N ■ NHC (J H r , + H 2 0. 

Glucose phenyihydrazone 

The phenyihydrazone is very soluble, but if an excess of phenyl¬ 
hydrazine is used, a second hydrazine complex is introduced and an 
insoluble osazone is formed : 

CH 2 OH (CHOH) 3 —C—CH:N *NHC G H f) 

II 

N*NHC 0 H r> 

Glucose reacts in this way by virtue of its aldehyde group. Phenyl¬ 
hydrazine hydrochloride does not give an osazone when boiled with 
glucose unless excess of sodium acetate be added. This acts on the 
hydrochloride to form phenylhydrazine acetate and sodium chloride. 

Galactose. Galactose rarely, if ever, occurs free in plants, though it 
is fairly widely distributed in the form of condensation products, the 
galactans, in combination with other hexoses and with pentoses (see p. 60). 
These galactans form constituents of various gums, mucilages, etc. 
Agar-agar, which is a mucilage obtained from certain genera of the Red 
Seaweeds (Rhodophyceae), yields a high percentage of galactose on 
hydrolysis with acids. Galactose also occurs as a constituent of some 
glucosides from which it may be derived on hydrolysis. 

One of the most important reactions of galactose is the formation of 
mucic acid on oxidation with nitric acid. Mucic acid is practically 
insoluble in water and separates out as a crystalline precipitate on 
pouring the products of oxidation into excess of water. 
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Expt. 42. Preparation of galactose from agar-agar. Weigh out 50 gms. of agar- 
agar. Put it into a round-bottomed flask fitted with an air condenser (see p. 45). 
Add 500 c.c. of 2 % sulphuric acid and heat on a water-bath for 4 hrs. Neutralize 
the solution with calcium carbonate and filter. Concentrate on a water-bath to a 
syrup. On standing, crystals of galactose will separate out. Then add a little 50-75% 
alcohol and warm gently on a water-bath. By this means much of the dark-coloured 
product will go into solution and can he poured off leaving the crystalline residue. 
Take up this residue in a little hot water, boil well with animal charcoal to decolorize 
the solution and filter. Concentrate again on a water-hath. On cooling, colourless 
prisms of galactose will separate out. 

Expt 43. Oxidation of galactose to mucic acid. Heat the galactose obtained in 
the last experiment with nitric acid (1 gm. galactose to 12 c.c. of nitric acid of sp. gr. 
IT5, i.e. 5 pts. of concentrated acid and 12 pts. of water) on a water-bath, until the 
liquid is reduced to one-third of its bulk. Then pour the product into excess of 
distilled water. On standing (for a day or two), a white sandy microcrystalline preci¬ 
pitate of mucic acid will separate out. 

Mannose. Mannose has not been detected free in many plants, but 
is widely distributed as condensation products, the mannans, in certain 
mucilages and in the cell-walls of the endosperm of various seeds 
(see p. 1)9). From the mannans the sugar can be obtained by hydrolysis. 
On adding phenylhydrazine hydrochloride and sodium acetate to a 
solution of mannose, the phenylhydrazone, which is nearly insoluble in 
water, is formed almost immediately and hence constitutes a ready 
method for the detection of the sugar. 

Laevulose. This sugar, which is also termed fructose, is widely 
distributed in plants, in the tissues of leaves, stems, fruits, etc. It is 
formed, together with glucose, in the hydrolysis by acids of cane-sugar. 
The original cane-sugar is dextro-rotatory, whereas laevulose is more 
laevo-rotatory than glucose is dextro-rotatory; hence the mixture from 
the hydrolysis is laevo-rotabory and is known as invert sugar, the change 
being termed inversion. The same hydrolysis is brought about by the 
widely distributed enzyme, invertase. The polysaccharide, inulin, also 
yields laevulose on acid hydrolysis. Laevulose is a white crystalline 
substance, soluble in water and alcohol. Unlike glucose, it contains a 
ketone instead of an aldehyde group: 
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Laevulose reduces Fehling’s and other copper solutions. It yields 
the same osazone as glucose with phenylhydrazine hydrochloride and 
sodium acetate. It also forms an osazone with mcthylphenylhydrazine 
(m.p. 158° 0.), a reaction which constitutes a distinction from glucose 
since the latter gives no osazone with this substance. 

Expt. 44. Tests for laevulose. The following tests should be performed with a 
0*2% solution of laevulose in the same way as for glucose (see p. 48). 

(a) Moore 7 s test. A positive result is obtained. 

(b) Trommer’s test. A positive result is obtained. 

(<?) Fehlinfs test. .Reduction takes place. 

(d) Osazone test . Note that the crystals are identical with those formed from 
glucose. 

(e) a-Naphthol test (see p. 44). A strong reaction is given. 

(/) SeliwanojFs test. To 5 c.c. of SeliwanofFs solution (prepared by dissolving 
0*05 gm. of resorcinol in 100 c.c. of 1 in 2 hydrochloric acid) add a few drops of 
laevulose solution and boil. A red coloration and a red precipitate are formed. Add 
a little alcohol and the precipitate forms a red solution. 

Disaccharides. 

These sugars are formed from the monosaccharides by condensation 
with elimination of water. By boiling with dilute acids, or by the 
action of certain enzymes, they are hydrolyzed into monosaccharides. 
The two most important disaccharides found in plants are maltose and 
cane-sugar. 

Maltose. Maltose or malt-sugar, though it probably occurs in smaller 
quantities than glucose and laevulose, is widely distributed in plant 
tissues. It is formed in the hydrolysis of starch, and its relationships in 
the plant to starch and to other sugars will be considered later. It is a 
white crystalline substance soluble in water and alcohol. In constitution 
it is a glucose-a-glucoside : 



CH^OH 

Maltose 

It reduces Fehling’s solution; but less readily than glucose. With 
phenylhydrazine hydrochloride and sodium acetate it forms an osazone 

4—2 
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(m.p. 206° C.), which is more soluble than glucosazone and crystallizes 
in broader flatter needles. Maltose is dextro-rotatory. 

Expt. 45. Tests for maltose. The tests a , b , c and e should be performed with a 
0-2% solution of maltose ; test d with a 2 % solution (see also glucose, p. 48). 

(a) Moore's test. A positive reaction is given. 

(5) Trommer's test. A positive reaction is given. 

(c) Fehling's test. Reduction takes place, but less strongly than with glucose. 

id) Osazone test. Take 10 c.c. of the solution and treat as for glucosazone. The 
crystals of maltosazone will be found to be much broader than those of glucosazone. 

(e) Hydrolysis . Take 20 c.c. of the sugar solution and add 2 c.c. of concentrated 
hydrochloric acid. Heat in a boiling water-bath for half an hour. Neutralize and test 
for the osazone. Glucosazone will be formed. 

Sucrose. Sucrose or cane-sugar is very widely distributed in plants, 
in leaves, stems, roots, fruits, etc. It is a white substance which crystal¬ 
lizes well, and is soluble in water and alcohol. As previously stated it is 
hydrolyzed by dilute acids and by invertase into one molecule of glucose 
and one molecule of laevulose. It is formed by the condensation of 
glucose and laevulose with the elimination of water. Its constitution is 
in all probability as follows: 

o 


CHUOH * O • (CHOH) 2 * QH • CH 2 OH 

/ 

o 

/ 

CH *(CHOH) 2 ‘ CH • CHOH ' CH 2 OH 


O 

so that both the ketone and aldehyde groups are rendered inactive. It 
does not reduce Fehling’s solution and does not form an osazone. It is 
dextro-rotatory. 

Expt. 46. Tests for cane-sugar. The following tests should be made with a 1 °/ 0 
solution of pure crystalline cane-sugar (see also glucose, p. 48). 

(a) Moore's test. A negative result is obtained. 

(b) Fehling's test. No reduction takes place. 

(c) a-Naphthol test. A positive result is given since sucrose yields laevulose. 

(d) Hydrolysis. To a few c.e. of the solution add a drop of strong sulphuric acid 
and boil for two minutes. Then neutralize with caustic soda using litmus as 
indicator. Boil again and add Fehling’s solution drop by drop. A reduction takes 
place owing to the inversion of the cane-sugar by sulphuric acid. 

(e) JSeliwanoff's test. A positive result is [obtained owing to the liberation of 
laevulose. 
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Polysaccharides. 

These substances are formed by condensation, with elimination of 
water, from more than three molecules of monosaccharides. 


Pentosans. 

It has already been mentioned that condensation products of the 
pentoses, the pentosans, are widely distributed. The two most frequently 
occurring pentosans are xylan and araban. No enzymes are known 
which hydrolyze the pentosans. It is characteristic of xylan and araban 
that they form copper compounds in Fehling’s solution in presence of 
excess of alkali. 

Araban. This pentosan may be regarded as a condensation product 
of arabinose as already indicated. It occurs in various gums (Gum 
Arabic, Cherry Gum) frequently in combination with otheV substances. 
On hydrolysis with acids, araban yields arabinose. (See also gums and 
arabinose.) 

Expt. 47. Preparation of araban from Gum Arabic. (Salkowski, 27.) Weigh out 
20 gms. of gum arabic and dissolve in 500 c.c. of warm water in a large evaporating 
dish. Then add 200 c.c. of Fehling’s solution and excess of caustic soda solution. 
The araban will be precipitated as a white gummy mass which will settle at the 
bottom of the dish. Filter off* through muslin. Take up the precipitate in dilute hydro¬ 
chloric acid (1 pt. of acid: 1 pt. of water), and then add alcohol. The araban separates 
out as a white precipitate. Wash away the copper chloride with alcohol. 

Expt. 48. Hydrolysis of araban. The araban from the last experiment is put 
into a round-bottomed flask with about 200 c.c. of 2 °/ 0 sulphuric acid and heated on 
a water-bath for 2 hours, the flask being fitted with an air condenser (see p. 45). 
Then neutralize the liquid with calcium carbonate, filter from calcium sulphate, and 
concentrate on a water-bath. The sugar is extracted from the syrup with 90 % alcohol. 
Arabinose crystallizes with difficulty but the process may be facilitated by sowing 
the concentrated alcoholic solution with a few crystals of arabinose. Some of the 
solution of arabinose should be tested with all the tests given in Expt. 38. 

Xylan. This pentosan occurs in lignified cell-walls, and is the chief 
constituent of “wood gum.” It is found in the wood of many trees (hot 
Coniferae), in bran, in wheat and oat straw, in maize cobs, in the shells 
of coconuts and walnuts, in the testa of the cotton ( Gossypiam ) and in 
many other tissues: also in some gums. On hydrolysis, xylan yields 
xylose; hence wood shavings, bran, straw, etc., will give the pentose reac¬ 
tions on hydrolysis. 
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Expt. 49. Detection of pentose from pentosans in bran , sawdust and straw. Take 
a small quantity of bran and boil it up several times with 98 % alcohol, filtering off 
the alcohol after each treatment. This should remove any sugars or glucosides 
present. Allow the alcohol to evaporate off from the bran, and then make the 
following tests for pentoses (see Expt. 38) : 

(a) Heat, for about one minute, a small quantity of the bran in a test-tube, with 
sufficient concentrated hydrochloric acid to cover it. Care should be taken not to 
char the material. Then add as much solid orcinol as will lie on the tip of a pen¬ 
knife. Heat gently again for a few seconds. Then add one or two drops of strong 
ferric chloride solution ; a green coloration will be produced. Add amyl alcohol and 
the green colour will pass into the alcohol. 

( b ) Heat again another portion of the bran with the same quantity of concentrated 
hydrochloric acid in a test-tube, but this time heat more strongly. After heating a 
few minutes place a piece of filter-paper soaked in a solution of aniline acetate in the 
mouth of the test-tube. A cherry-red coloration will denote the formation of 
furfural. 

The above method and tests with bran may be repeated in exactly the same way 
using sawdust or straw. 

Expt. 50. Preparation of xylan from sawdust. Extract one kilo of sawdust with 
4 litres of 1-2 % ammonia solution for 24 hrs. Then filter off the ammoniacal solution 
through muslin and repeat the extraction. The xylan is insoluble in ammoniacal 
solution, and in this way colouring matters are removed. Finally wash the sawdust 
well with water and press dry from the liquid. Then add to the sawdust sufficient 
5% caustic soda solution to make a thick mush (about 1000-1500 c.c.) and allow it 
to stand for 24 hrs. in a warm place. The alkaline solution is then pressed out 
through calico and filtered through filter-paper. To the clear filtrate add an equal 
volume of 96 % alcohol which will precipitate the xylan as a sodium compound. 
Filter off this precipitate, wash with alcohol, and decompose with alcohol to which 
a little strong hydrochloric acid has been added to remove the sodium. The free 
xylan is again washed with alcohol, and can be dried by washing with absolute 
alcohol and ether and finally in a desiccator. It is a dirty-white powder which is 
almost insoluble in water. Make the tests for pentoses (see Expt. 38) on a little of 
the solid xylan. The reaction will be given in each case. 

Expt. 51. Hydrolysis of xylan. Put the xylan obtained in the last experiment 
in a round-bottomed flask fitted with an air condenser (see p. 45). Add 100 c.c. of 
4% sulphuric acid and heat on a water-bath for 4 hrs. Neutralize the solution with 
calcium carbonate, filter from calcium sulphate and concentrate on a water-bath. 
Test a portion for pentoses (see Expt. 38) and a positive reaction will be obtained. 
To a small quantity add also a few drops of Fehling’s solution and boil. Reduction 
will take place. 

To the remainder of the xylose solution add bromine (see p. 45) gradually until 
there is excess. Then remove the excess of bromine by warming on a water-bath. 
Neutralize the solution, which contains xylonic acid, with cadmium carbonate and 
evaporate on a water-bath. Extract the residue with alcohol and filter. On concen¬ 
trating the alcoholic extract, white prismatic needles of cadmium xylonate separate 
out. 
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It has been shown that pentosans, xylan and probably araban, occur 
in leaves (Davis, Daish and Sawyer, 15). It is likely that the xylan is 
widely distributed in all tissues since it forms a constituent of lignified 
cell-walls. 

Expt. 52. Detection of pentoses from pentosans in leaves . (Davis, Daish and 
Sawyer, 15.) Take two large leaves of the Sunflower ( Kelianthus annuus). Tear into, 
small pieces and drop into boiling 98 % alcohol in a flask. Boil well and filter off the 
alcohol. Repeat until all the green colour is removed. Then dry off the alcohol and 
grind up the leaf residue. Perform the test for pentoses (Expt. 38 a and c) on the 
dry leaf tissue. It should give the above tests showing the presence of pentosans. 

Leaves of the Violet ( Viola odorata) and Nasturtium ( Tropaeolum majus) may 
also be used. 

Expt. 53. Method for determination of pentosans in tissues, bran and leaves , etc. 
Weigh out 2 gms. of bran, put it into a round-bottomed flask, add 100 c.c. of 12 % 
hydrochloric acid and fit the flask with a water condenser. Heat gently over wire 
gauze and distil into a solution of phloroglucin in 12 % hydrochloric acid. A green 
precipitate of furfural phloroglueide is formed which eventually becomes almost 
black. For accurate estimations of pentosans this is filtered off and weighed on a 
Gooch crucible. The same method may be used with leaf residue as in Expt. 52. 

Starches. 

Starch. This is a very widely distributed substance in plants. It 
occurs as solid grains throughout the tissues, in leaves, stems, roots, 
fruits and seeds. It is absent, however, from a number of Monocotyle¬ 
dons, e.g. Iris , Snowdrop ( Galanthus ), Hyacinthus, etc. It forms one of 
the chief reserve materials of plants, that is, it is synthesized from sugar 
when carbon assimilation and carbohydrate synthesis are in progress, and 
is stored in the solid form in tissues as grains. In other circumstances of 
the plant’s existence, when material for metabolism is not available 
from carbon assimilation, as for instance in germinating seeds or 
growing bulbs or rhizomes, the starch is hydrolyzed into dextrin and 
soluble sugar, which is translocated and used as a basis for meta¬ 
bolism. During the night in leaves there is also a similar hydrolysis 
of the starch which has been temporarily stored from the excess of 
sugar synthesized during the day. 

Starch has a very large molecule and thus a high molecular weight. It 
is insoluble in cold water. When heated with a little water it gives starch 
paste, but on boiling with water it gives an opalescent “solution” which 
really contains starch in the colloidal state as an emulsoid. In this con¬ 
dition it does not diffuse through dialyzing membranes and does not 
depress the freezing point of water. The “ solution ” cannot, strictly 
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speaking, be filtered, but generally, when hot, it passes t<* some extent 
through ordinary filter-paper. Starch is insoluble in alcohol and is pre¬ 
cipitated by it. 

The most characteristic reaction of starch is the blue colour it gives 
with iodine solution. This blue colour disappears on heating, but re¬ 
appears again on cooling. Starch is precipitated from c£ solution ” by 
half saturation with ammonium sulphate: it does not reduce Fehlings 
solution. 

By boiling with dilute acids, starch is first converted into “ soluble 
starch ” which still gives a blue colour with iodine. On further boiling, 
various dextrins (see dextrins) are obtained which give either purple, 
red or no colour with iodine. The final product, after prolonged boiling 
with acids, is glucose. Hydrolysis with diastase yields dextrin and 
maltose (see diastase, p. 73). 

Expt. 54. Preparation of starch from Wheat. Starch may be prepared from 
a cereal by the following method. 

Take 25 gms. of flour and make it up into a dough with a little water. Allow it 
to stand for half an hour. Then tie a piece of muslin over the top of a beaker which 
is filled with water. Place the dough on the top of the muslin and rub it gently with 
a glass rod. The starch will be separated from the gluten, and will be washed 
through the muslin and on standing will sink to the bottom of the beaker. Allow 
this to stand till the starch has settled, then decant off the bulk of the liquid. Filter 
off the starch, and wash well with water, then with alcohol and finally with ether. 
Dry in the steam-oven. 

For the detection of starch in green leaves, see Expt. 77. 

Expt. 55. Tests for starch. Take a small quantity of the starch prepared in the 
previous experiment and shake up with a little cold water in a test-tube. Filter, and 
test the filtrate with a drop of iodine (in potassium iodide) solution. No blue colour 
is obtained. Pour a drop of the iodine solution on the residue in the filter. It turns 
deep blue. 

Weigh out 2 gms. of the starch prepared in the last experiment, and mix it into 
a thin cream with a little water. Boil rather more than 100 c.c. of water in an evapo¬ 
rating dish, and then gradually add to it the starch paste, keeping the water boiling 
all the time. An opalescent a solution ” is obtained. With a few c.c. of the solution 
in each case make the following tests: 

(a) Add 1-2 drops of iodine solution. A blue colour is obtained. Heat the solu¬ 
tion : the blue colour disappears, but reappears on cooling. 

(b) Add an equal volume of alcohol : the starch is precipitated. 

(c) Add an equal volume of saturated ammonium sulphate solution : the starch 
is precipitated, i.e. by half saturation with this salt. 

(d) Add basic lead acetate solution : the starch is precipitated. 

Expt. 56. Hydrolysis of starch . To 50 c.c. of the starch solution prepared in the 
last experiment add 1 c.c. of strong sulphuric acid. Boil for 10-20 minutes in a 
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round-bottomed' flask. Test a portion of the solution with iodine from time to time ; 
a purple, red or brown colour is formed due to the dextrin produced in hydrolysis. 
To the remainder of the solution after neutralization, using- litmus as indicator, add 
some Fehling’s solution and boil. Reduction takes place owing to the glucose formed 
in hydrolysis. 


Dextrins . 

These compounds occur in the plant as transitory substances, since 
they are formed as intermediate products of the hydrolysis of starch by 
diastase. They are also formed on heating starch or by boiling it with 
mineral acids (see previous experiment). The hydrolysis of starch to 
dextrins is fairly rapid, but the conversion of dextrins into maltose is 
a much slower process. 

Both starch and dextrins have the same empirical formula. Various 
forms of the latter have been identified, such as amylodextrin which gives 
a blue colour with iodine, erythrodextrin which gives a brownish-red 
colour with iodine, and achroodextrin which gives no colour with iodine. 
The dextrins are readily soluble in water; they are precipitated by 
alcohol but not by basic lead acetate. On hydrolysis with acids, they 
are converted into glucose. 

Expt. 57. Preparation of dextrin by hydrolysis of starch, (a) By diastase from 
leaves of the Pea (Pisum sativum). Weigh out lOgms. of commercial potato starch 
and make it into a solution in 250 c.c. of boiling distilled water as in Expt. 55 and 
cool. Then weigh out 10-15 gms. of fresh leaflets of the Pea {Pisum sativum) and 
pound them well in a mortar. Add to the pounded mass 100 c.c. of distilled water 
and a few drops of chloroform (see maltase, p. 75) and filter. The filtrate will contain 
diastase (see also Expts. 78-80). Then add the diastase extract to the starch solu¬ 
tion in a flask, plug with cotton-wool and put in an incubator for 48 hrs. If a little 
of the liquid is withdrawn from time to time and tested with iodine, it will be found 
that the blue colour due to starch gradually disappears and is replaced by the 
brownish-red colour due to dextrin. After 48 hrs. there will be no trace of blue 
colour; then filter the liquid and concentrate the filtrate on a water-bath to a syrup. 
Treat the residue with 96-98 % alcohol and filter. A sticky mass of dextrin is left 
which should be extracted with a little hot alcohol and then reserved for the next 
experiment. To show the presence of maltose, the alcoholic extract is evaporated to 
dryness on a water-bath, the residue taken up in a little water and the osazone test 
made (see p. 49) with the solution. Crystals of maltosazone will separate out. ' 

(h) By diastase from germinating Barley (Hordeum vulgar©). Grind well 25 gms. 
of barley grains in a coffee-mill. Put the flour into a flask and extract with 96-98% 
alcohol by heating on a water-bath. This will largely free the grain from sugars. 
Make a starch “ solution” of the residue by boiling with 500 c.c. of water and filtering 
through fine muslin. 
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Weigh out another 25 gms. of barley grains and allow them to germinate by 
soaking and spreading on damp blotting-paper for 5-7 days. Pound the grains well 
in a mortar, add 100 c.c. of water, allow to stand for 2-3 hrs. and filter. Precipitate 
the filtrate with alcohol and allow to stand for 24 hrs. Filter off the precipitate, 
take up in water and add it to the barley starch “ solution,” together with a few 
drops of chloroform. Proceed as with (a) only the time for hydrolysis may be much 
shorter, i.e. 6-12 hrs. 

Expt. 58. Tests for dextrin. Make a solution of the dextrin prepared in the last 
experiment and note that it is very soluble in water. "With the solution make the 
following tests : 

(a) Add a little iodine solution. A reddish-brown colour is produced. Heat the 
solution and the colour will disappear. Cool again and the colour will reappear. 

( b ) Add an equal volume of strong alcohol. The dextrin is precipitated. 

(<?) Add an equal volume of saturated ammonium sulphate solution, i.e. half 
saturation with ammonium sulphate. The dextrin is not precipitated. 

(d) Add some basic lead acetate solution: the dextrin is not precipitated. 


Inulin. 

Inulin. This substance occurs as- a soluble “reserve material” in the 
cell-sap of the underground stems, roots and also leaves of a number of 
plants, especially members of the Compositae, e.g. Dahlia (Dahlia 
rariabilis), Jerusalem Artichoke (Helianthus tuberosus ), Chicory ( Gicho - 
rium Intybus) and the Dandelion (Taraxacum officinale). It is said to 
occur also in the Campanulaceae, Lobeliaceae, Goodeniaceae, Yiolaceae 
and many Monocotyledons (. Hyacinthus , Iris , Muscari and Scilla). 

Inulin is a condensation product of laevulose to which it bears much 
the same relation as starch to glucose. It is a white substance, soluble 
in water and insoluble in alcohol. It crystallizes out in the cells, in 
which it occurs, in characteristic sphaero-crystals on addition of alcohol 
to the tissues. It is hydrolyzed by mineral acids to laevulose: also by * 
the enzyme inulase which occurs in the plant. 

Expt. 59. Extraction of t inulin. Cut off the tubers from two Dahlia (Dahlia 
variabilis) plants, Wash well, and put them through a mincing machine. Carefully 
collect the liquid and the crushed tuber, and boil well with sufficient water to cover 
the crushed material. Add also some precipitated calcium carbonate to neutralize 
any free acids present. Then filter through fine muslin, and to the filtrate, which 
should again be made quite hot, add lead acetate solution until a precipitate 
(of mucilaginous substances, etc.) ceases to be formed. Care should be taken to 
avoid the addition of a large excess of lead acetate. Filter off the lead precipitate, 
and saturate the filtrate with sulphuretted hydrogen till all excess lead is removed. 
Filter off the lead sulphide, neutralize the filtrate to phenolphthalein with ammonia, 
and evaporate to half bulk or less on a water-bath, when the inulin will probably 
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begin to deposit. Then pour into an equal volume of alcohol, and allow to stand for 
one or two days. The crude precipitate of inulin is filtered off, dissolved in a small 
amount of water, and reprecipitated with alcohol. It can be washed with alcohol 
and ether and dried over sulphuric acid. 

The Artichoke (Helianthns tuberosus) may also be used, about 12 tubers being 
necessary. 

Ex'pt. 60. Tests for inulin. Make a solution of some of the inulin prepared in 
Expt. 59 in hot water. It will readily dissolve giving a clear solution. With the 
solution make the following tests : 

(а) Make a very dilute solution of iodine and add to it a drop or two of inulin 
solution : the brown colour will bo unaffected. 

(б) Boil some inulin solution with a little Fehling : no reduction takes place. 

If the inulin solution which is being used should reduce Fehling it indicates that 
sugar is present as impurity. If this is the case, then a little of the solid inulin 
should be washed free from sugar by means of alcohol before proceeding with the 
following tests. 

(c) To a little inulin solution add some 1 °/ 0 alcoholic solution of a-naphthol and 
a few drops of concentrated sulphuric acid and warm. A deep violet colour is 
produced. This is due to the formation of furfural from the laevulose produced in 
hydrolysis (see laevulose, p. 51). 

(d) To a little inulin solution add about an equal quantity of strong hydrochloric 
acid and a few crystals of resorcin. A red coloration is formed. This reaction 
(SeliwanofPs test) is also due to the presence of laevulose (see laevulose, p. 51). 

Expt. 61. Hydrolysis ofinidm. Some inulin is dissolved in very dilute hydrochloric 
acid (about 0*5 %) and heated on a water-bath for half an hour in a round-bottomed 
flask provided with an air condenser (see p. 45). The solution is then neutralized 
with sodium carbonate and concentrated on a water-bath. With the concentrated 
solution make the following tests : 

(a) Boil with a little Fehling : the solution is rapidly reduced. 

(b) Make the osazone test (see p. 49). Glucosazone crystals will be found to be 
formed on microscopic examination. (Laevulose forms the same osazone as glucose.) 

(c) Make the tests (c) and (d) of the last experiment. A positive result will be 
given in each case. 


Manna ns. 

The mannans which have already been mentioned (see p. 50) are 
condensation products of the hexose, mannose. They occur most fre¬ 
quently, either mixed, or in combination, with the condensation products 
of other hexoses and pentoses (glucose, galactose, fructose and arabinose) 
as galactomannans, glucomannans, fructomannans, mannocelluloses, etc. 
Such mixtures or compounds of which mannans form a constituent are 
widely distributed in the seeds of many plants, i.e. Palms (including the 
Date-palm), Asparagus (Ruscus), Clover (Trifolium), Coffee Bean (Goffea 
arabica ), Onion (Allium Cepa) and of members of the Leguminosae, 



60 


CARBOHYDRATES AND THEIR 


[CH. 


Rubiaceae, Coniferae and Umbelliferae. In seeds the mannans may 
constitute, together with cellulose, the thickened cell-walls of the endo¬ 
sperm and are included in the term <f reserve- or hemi-cellulose ” though 
they are not strictly celluloses. “ Vegetable ivory, 55 which is the endo¬ 
sperm of the Palm, Phytelephas macrocarpa , contains considerable 
quantities of a mannan and is used as a source of mannose. Mannans, 
in addition, form constituents of certain mucilages, as for instance those 
in Lily bulbs (Lilium candidum , L. bulbiferum , L. Martagon and others) 
(Parkin, 23) and tubers of various genera of the Orchidaceae: they are 
also found in the roots of the Dandelion (Taraxacum), Helianthus and 
Chicory, Asparagus and Clover, and in the wood and leaves of various 
trees. 

Many of the mannans, unlike true celluloses, are readily hydrolyzed 
by dilute hydrochloric and sulphuric acids. The mannan in the Coffee 
Bean, however, is hydrolyzed with difficulty. 

Galactajvs. 

These substances bear the same relationship to the hexose, galactose, 
as the mannans to mannose, that is, they are condensation products of 
galactose (see p. 49). Similarly they frequently occur, together with 
the condensation products of other sugars, as galactoaraban, galactoxylan, 
galactomannan, etc. As such they form constituents of many gums and 
mucilages and of the cell-walls of the reserve tissue of seeds, i.e. the 
Coffee Bean ( Goffea arabica ), the Bean ( Faba ), the Lupin (Lupinus), the 
Paeony (. Paeonia ), the Kidney Bean ( Phaseolus ), the Date (Phoenix), 
the Pea (Pisum), the Nasturtium (Tropaeolum) and many others (Schulze, 
Steiger and Maxwell, 29). 

Gums. 

These substances occur widely distributed among plants, especially 
trees. Some gums are wholly soluble in water giving sticky colloidal 
solutions: others are only partially soluble. They are all insoluble in 
alcohol. In the solid state they are translucent and amorphous. 

Chemically the gums are varied in nature; they may in general be 
regarded as consisting of complex acids in combination with condensa¬ 
tion products of various sugars, such as araban, xylan, galactan, etc. 
On hydrolysis they give mixtures of the corresponding sugars, arabinose, 
xylose, galactose, etc., in varying proportions, though in some cases one 
sugar preponderates. 




V] 


HYDROLYZING ENZYMES 


61 


Some of the best-known gums are the following: 

Gum Arabic (arabin ). This substance is obtained from an Acacia 
(Acacia Senegal), a native of the Soudan. The gum exudes from the 
branches. Other species of Acacia yield inferior gums. Gum arabic is 
a mixture of the calcium, magnesium and potassium salts of arabic acid, 
a weak acid of which the constitution is unknown, in combination with 
araban and galactan. 

Gum Tragacanth. This is a product from several Tragacanth shrubs 
which are species of Astragalus (Leguminosae), chiefly A . gmnmifer. It 
is obtained by wounding the stem and allowing the gum to exude and 
harden. On hydrolysis it gives a mixture of complex acids and various 
sugars such as arabinose, galactose and xylose. 

Cherry Gum {cerasin) occurs in the wood of the stems and branches 
of the Cherry (Prunu$ Gerasus), the Bird Cherry (P. Padus), the Plum 
(P. domestica), the Almond (P. Amygdalus) and other trees of the 
Rosaceae. It exudes from fissures of the bark. On hydrolysis it yields 
almost entirely arabinose. 

Expt. 62. Reactions of Gum Arabic. Put a little gum arabic into an evaporating 
dish and add a little water. Heat gently and stir. The gum will slowly dissolve, 
giving a thick sticky solution which does not solidify or gel on cooling. Make the 
following tests, using a little of the gum solution in a test-tube each time. 

• (a) Add a little alcohol. The gum is precipitated. 

(b) Add a little Fehling’s solution and boil. No reduction takes place. 

The three following experiments show the presence of pentosan complexes in the 
gum (see also Expt. 38, p. 44): 

(c) Add a little phloroglucin to the gum and then strong hydrochloric acid. No 
colour is produced. Now heat, and a cherry-red colour appears. 

{d) Heat the gum solution with a little concentrated hydrochloric acid and then 
, add a trace of orcinol. Warm again and then add one or two drops of strong ferric 
chloride solution. A green coloration will be produced. 

(e) Heat the gum solution strongly with hydrochloric acid, and, after heating for 
a few minutes, place a piece of filter-paper soaked in a solution of aniline acetate in 
the mouth of the test-tube. A cherry-red coloration indicative of furfural will be 
formed. 

Expt. 63. Hydrolysis of Gum Arabic. Weigh out 10 gms. of gum arabic. Put it 
into a round-bottomed flask and add 100 c.c. of water and 4 c.c. of strong sulphuric 
acid. Warm gently until the gum goes into solution. Then fit the flask with an 
air condenser (see p. 45) and heat on a water-bath for about 4 hrs. Cool the 
solution, and neutralize with barium carbonate. Filter off the barium sulphate and 
concentrate the solution on a water-bath. Boil ft drop or two of the syrup with 
Fehling’s solution arid show that reduction takes place. (The original gum either 
does not reduce Fehling at all, or, if so, only slightly.) Then add a little nitric acid 
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(sp. gr. 1*15, see Expt. 43) to the syrup and heat on a water-bath almost to dryness. 
Pour the residue into about 100 c.c. of water and allow to stand. A microcrystalline 
precipitate of mucic acid is formed showing the presence of galactose (see p. 50) as 
a product of hydrolysis. 

Mucilages. 

The characteristic of these substances is that they swell up in water 
and produce colloidal solutions which are slimy. 

Mucilages are widely distributed and may occur in any organ of the 
plant. Sometimes they are confined to certain cells, mucilage sacs or 
canals. They are distinguished from the pectic substances by the fact 
that they do not gelatinize. Some of the best known examples of 
mucilage-containing tissues are those in the root and flower of the 
Hollyhock {Althaea rosea): in succulent plants (Aloe, Euphorbia), in 
bulbs ( Scilla , Allium) and tubers ( Orchis Morio): in seeds of Flax or 
Linseed (Linum) and in fruits of Mistletoe ( Viscum album). 

The mucilages vary in composition. They appear to be largely, if 
not wholly, condensation products of various sugars (galactose, mannose, 
glucose, xylose, arabinose), similar constituents to those of many gums 
and hemicelluloses. On hydrolysis various mixtures of sugars are pro¬ 
duced. Of the mucilages, that from linseed has been thoroughly 
investigated. It has been found on hydrolysis to give sugars only, e.g. 
arabinose, xylose, glucose and galactose. In this respect mucilages differ 
from gums, since the latter have always some other accompanying sub¬ 
stance, in addition to sugars. 

Expt. 64. Preparation and properties of mucilage from Linseed {Linum) (Neville, 
21). Take about 60 gms. of linseed and let it soak for 24 hrs. in 300 c.c. of water. 
Then separate the slime from the seeds by squeezing through muslin, and add to the 
liquid about twice its volume of 96-98 % alcohol. The mucilage is precipitated as 
a thick slimy precipitate. Filter off the precipitate and wash with alcohol. By 
washing with absolute alcohol and ether and finally drying in a desiccator, the 
mucilage may be obtained as a powder. 

Add water to some of the mucilage. It swells up and finally gives an opalescent 
solution. Make with it the following tests: 

(a) Add iodine. No colour is given. 

( b ) Add a little Fehling’s solution and boil. No reduction takes place. 

Expt. 65. Hydrolysis of Linseed mucilage. Put the remainder of the mucilage in 
a round-bottomed flask and add 50 c.c. of 4 % sulphuric acid. Fit the flask with 
an air condenser (see p. 45) and heat for at least four hours on a water-bath. 
Cool and neutralize with barium carbonate. Filter off the barium sulphate, and 
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concentrate the filtrate on a water-bath. With the concentrated solution make the 
following tests: 

(a) Add a few drops to a little boiling Fehling solution. Eeduction immediately 
takes place. 

( b) Make the phloroglucin, orcinol and furfural tests for pentoses, using a small 
quantity only of the hydrolysis mixture for the tests. A positive result will be given 
in each case. The pentoses, arabinose and xylose, are responsible for these reactions. 

(a) Add to some of the solution phenylhydrazine hydrochloride, sodium acetate 
and a little acetic acid, and leave in boiling water for half an hour for the osazone test 
[see Expt. 41 (d)]. A mixture of osazones will separate out, among which glucosazone 
can be identified. 

(d) Concentrate the remainder of the solution and then add some nitric acid of 
sp. gr. 1T5 (see Expt. 43). Evaporate down on a water-bath to one-third of the bulk 
of the liquid and then pour into about 100 c.c. of water. A white microcrystalline 
precipitate of mucic acid will separate out, either at once or in the course of a day or 
two. This demonstrates the presence of galactose. 

Pectic substances . 

These substances are considered at this point since they are said to 
constitute, in more or less intimate connexion with cellulose, the middle 
lamella of cell-walls in many tissues. The pectic substances are fre¬ 
quently found in the juices of succulent fruits in which the tissues have 
disintegrated, such as red currants and gooseberries. They have been 
isolated chiefly from fleshy roots, stems or fruits, as, for instance, from 
turnips, beetroot, rhubarb stems, apples, cherries and strawberries. 

Recent work (Schryver and Haynes, 28) points to the fact that in 
turnips, strawberries, rhubarb stems and apples, there is the same pectic 
material, and it is possible that all such substances may be identical. 
The compound isolated in the above case is of an acidic nature and has 
been termed pectinogen. When pectinogen is treated with dilute 
solutions of caustic alkali at ordinary temperatures, it is rapidly changed 
into a second substance termed pectin, which is readily converted into 
a gel under certain conditions. 

In the case of juicy fruits, such as currants and gooseberries, the 
pectinogen can be precipitated as a gelatinous precipitate by adding 
alcohol to the expressed juice. In the case of fleshy fruits, stems and 
roots, the procedure is as follows. The tissues are thoroughly dis¬ 
integrated in a mincing machine and pressed free from all juice in a 
powerful press. The residue is then dried, finely ground, washed with 
water and finally extracted with dilute ammonium oxalate solution in 
which pectinogen is soluble. The extract is concentrated and the 
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pectinogen precipitated by alcohol. It may be purified by reprecipita¬ 
tion. 

Pectinogen is precipitated from aqueous solution by alcohol as a very 
bulky gelatinous mass, but when dried it forms an almost colourless granu¬ 
lar powder. Put into water it absorbs large quantities of liquid and dis¬ 
solves slowly, giving an opalescent solution with a distinctly acid reaction. 

As mentioned above pectinogen in alkaline solution is rapidly con¬ 
verted into pectin. A solution of pectinogen is not precipitated either 
by acid or dilute solutions of calcium salts but, after treatment with 
alkali and conversion into pectin, both the aforesaid reagents produce 
gelatinous precipitates. A similar precipitate is also formed when lime 
water is added in excess to a solution of pectinogen and it is allowed to 
stand. There is little doubt that the pectinogen is converted by the 
alkali into pectin. Pectin is also an acid substance and it is insoluble 
in water, giving an insoluble salt with calcium. After treatment of 
pectinogen with alkali the pectin can, as already stated, be precipitated 
by adding acid. 

Analyses of pectin from various sources have led to the suggestion 
of CirH^Che as its formula. There is also evidence that it contains one 
pentose group. This can be detected and estimated by the furfural 
phloroglucide method (see Expt. 53). 

Expt. 66. attraction and reactions of pectinogen. Take about half a pound of red 
currants and squeeze out the juice through fine muslin into a large beaker. Then add 
to the juice about 2-3 times its bulk of 96-98 % alcohol. A bulky gelatinous precipi¬ 
tate of pectinogen will separate out. Allow the precipitate to stand for a time in the 
alcohol, and then filter off. Wash with alcohol and finally press free from liquid. 
Dissolve the precipitate in as little water as will enable it to go into solution. To two 
small portions of the solution add respectively (a) a few drops of strong hydrochloric 
acid, (b) an excess of calcium chloride solution. Note that no precipitate is formed in 
either case. 

Expt. 67. Conversion of pectinogen into pectin, and reactions of pectin. Take about 
one-third of the pectinogen solution prepared in Expt. 66, make it alkaline with 
caustic soda, and let it stand for about 10-15 minutes. Then divide the solution 
into two parts and add respectively (a) sufficient hydrochloric acid to acidify, 
(b) excess of calcium chloride solution. In the first case a gel of pectin is formed : 
in the second case a gelatinous precipitate of the calcium salt of pectin. 

To a further quantity of the pectinogen add excess of lime water and let it stand. 
The gelatinous calcium precipitate will separate out in a short time. 

Expt. 68. Detection of the pentose group in pectinogen. Filter off the pectin gel 
obtained in the last experiment and allow it to dry. Then test for the pentose group 
by the orcinol, phloroglucinol and furfural tests (see Expt. 38). All results will be 
found to be positive. 
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The extraction of pectinogen, etc. in the above experiments can equally well be 
carried out with other material, e.g. ripe gooseberries, raspberries and strawberries, 
using exactly the same methods. 

Expt. 69. Preparation of pectinogen from Turnip*. Take two full-sized turnips 
and mince them finely in a mincing machine. Then wrap the mass in a piece of 
strong unbleached calico and press out the juice as completely as possible in a press. 
The juice contains little pectinogen and can be thrown away. The pressed mass is 
then thrown into 0*5 °/ 0 ammonium oxalate solution heated to 80-90° C. on a water- 
bath and stirred to make a paste. The liquid is again rapidly pressed out in the press. 
To the viscid extract an equal volume of 96 % alcohol is added, and the pectinogen 
separates out as a voluminous gelatinous precipitate. This is filtered off and, when 
pressed free from alcohol and dried, can bo used for tests as in the previous experi¬ 
ments. 

The gelatinization of pectinogen can also be; brought about by certain 
enzymes termed pectases which are found in the juices of various plants, 
i.e. root of Carrot (Daucus Garota) and leaves of Lucerne (Medicago 
sutiva). Lilac (Syringa vulgaris) and Clover {Trifolium jrratense). 

Expt. 70. Action of pectam on pectinogen. Make an extract of either Lucerne or 
Clover leaves by pounding them in a mortar with a little water, and then filter. Add 
the filtrate to some of the pectinogen solution prepared in Expt. 66 or 69. On 
standing a gelatinous precipitate will be produced. Should the reaction he slow, it 
may be accelerated by placing the mixture in an incubator. 

Celluloses are very important polysaccharides. They form constituents 
of the structural part of all the higher plants. The cell-wall of the 
young cell consists entirely of cellulose, but in older cells the walls may 
be lignified, cuticularized, etc., i.e. the cellulose may be accompanied by 
other substances such as lignin, cutin, mucilage, etc. In the light of 
these facts the term cellulose is made to include: 

1. Normal celluloses. 

2. Compound celluloses. 

(a) Ligno-eel 1 uloses. 

(b) Pecto-celluloses. 

(c) Adipo- or cuto-celluloses, 

8. Pseudo- or Reserve celluloses* 

True or normal cellulose. Of this substance, as we have said, 

many cell-walls are composed. The most familiar form of cellulose is 
cotton, which consists of hairs, each being a very long empty cell, from 
the testa or coat of the seed of the Cotton plant ( Qossypium herbaceum ). 

5 


o. 
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Crude cotton (i.e. the hair cell-walls) is not quite pure cellulose, hut 
contains a small amount of impurity from which it is freed by treatment 
first with alkali and subsequently with bromine or chlorine. All kinds 
of cotton material, cotton-wool, and.the better forms of paper (including 
filter-paper) may be regarded as almost pure cellulose. 

Pure cellulose is a white, somewhat hygroscopic, substance. It is 
insoluble in water and all the usual solvents for organic substances. It 
is, however, soluble in a solution of zinc chloride in hydrochloric acid in 
the cold, and in a solution of zinc chloride alone on warming. It is also 
soluble in ammoniacal cupric oxide (Schweizer’s reagent). 

In addition cellulose is soluble in concentrated sulphuric acid, which 
on standing converts it first into a hydrate and then finally into 
glucose. If, however, water is added to the sulphuric acid solution as 
soon as it is made, the gelatinous hydrate of cellulose is precipitated. 
This substance is termed “ amyloid ” since it gives a blue colour with 
iodine. Concentrated nitric acid converts cellulose into nitrates, of 
which one is the substance, gun-cotton. In 10 °/ 0 alkalis cotton fibres 
thicken and become more cylindrical. This procedure has been em¬ 
ployed by Mercer to give a silky gloss to cotton, and the resultant 
product is called mercerized cotton. 

Expt. 71. The colour tests and solubilities of cellulose. 

(a) Dip a little cotton-wool into a .solution of iodine in potassium iodide. Then 
put the stained wool into an evaporating dish and add a drop or two of concentrated 
sulphuric acid. A blue coloration is given. This is due to the formation of the 
hydrate u amyloid 91 mentioned above. 

(i b ) Dip some cotton-wool into a calcium chloride iodine solution. (To 10 c.c. of 
a saturated solution of calcium chloride add 0*5 gm. of potassium iodide and 0*1 gm. 
of iodine. Warm gently and filter through glass-wool) A rose-red coloration is 
produced which eventually turns violet. 

'' (c) Heat a strong solution of zinc chloride (6 pts. of zinc chloride to 10 pts. of 
water) in an evaporating dish and add 1 part of cotton-wool The cellulose will in 
time become gelatinized, and if a little water is added from time to time, a solution 
will eventually be obtained on continuous heating. 

(d) Make a solution of zinc chloride in twice its weight of concentrated hydro¬ 
chloric acid and add some cotton-wooL The wool will rapidly go into solution in the 
cold. 

(e) Add some cotton-wool to an ammoniacal copper oxide solution and note that 
it dissolves. (To a strong solution of copper sulphate add some ammonium chloride 
and then excess of caustic soda. Filter off' the blue precipitate of cupric hydroxide, 
wash well, dry thoroughly, and dissolve in strong ammonia.) Add strong hydrochloric 
acid and the cellulose is precipitated out again. Then add water and wash the 
precipitate until it is colourless. Test the roughly dried precipitate with a little 
iodine and strong sulphuric acid. A blue coloration is given. 
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All the above tests may be repeated with threads from white cotton material, 
with filter-paper and good white writing paper. 

Try tests ( a ) and ( b) with newspaper, and note that they are not so distinct as 
with writing paper owing to the presence of ligno-cellulose (see Expt. 73). 

Expt. 72. Hydrolysis of cellulose by acid. Dissolve as much filter-paper as possible 
in 5 c.c. of concentrated sulphuric acid and when all is in solution pour into X00 c.c. 
of distilled water. Boil the solution in a round-bottomed flask fitted with an air 
condenser (see p. 45) and use a sand-bath for heating. After boiling for an hour, 
cool and neutralize the solution with solid calcium carbonate. Add a little water if 
necessary and filter. Test the filtrate with the following tests : 

(a) Make the osazone [see Expt. 41 (d)\ Note that crystals of glucosazone are 
formed. 

(b) Add a little Fehling’s sohition and boil. Note that reduction takes place. 

Instead of using filter-paper, the above experiment may also be carried out with 

cotton-wool or threads from white cotton material. 

Ligno-cellulose. As the cells in plants.grow older the walls usually 
become lignified, that is part of the cellulose becomes converted into 
ligno-cellulose. The extreme amount of change is found in wood. The 
least amount in such fibres as those from the stem of the Flax (Linum 
usitatissimam) which, when freed from such impurities, consist of cellu¬ 
lose only and constitute linen. Other fibres, containing more ligno- 
cellulose, are those of the stem of the Hemp plant {Cannabis sativa) 
and the Jute plant (Corchorus) from which string, rope, canvas, sacking 
and certain carpets are made. The percentages of pure cellulose in 
these various lignified tissues are as follows: 


Cotton fibre. 88*3 °/o 

Flax and Hemp fibre ... 72-73 °/o 

Jute . 54% 

Beech and Oak wood ... 35-38 % 


The ligno-celluloses are generally regarded as consisting of cellulose 
and two other constituents, of which one contains an aromatic nucleus 
and the other is of the nature of a pentosan (see xylan, p. 53). Both 
are sometimes classed together and termed lignin or lignon. The lignin 
reactions (see below) depend on the presence of an aromatic complex. 
It has been suggested that coniferin, vanillin and allied compounds 
which are present in wood are probably the substances responsible for 
the reaction (Czapek, 6). 

Although the best paper is made from cellulose, cheaper forms, of 
paper are manufactured from ligno-cellulose, and, as a result, they give 
reactions for lignin and are also turned yellow by exposure to light. 

Expt. 73. Reactions of lignin. 

One of the most striking reactions of lignin (due as it is supposed to a furfural 
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grouping) is the magenta-red coloration given by phloroglucin in the presence of 
concentrated hydrochloric acid. 

Soak the tissue to be experimented upon with an alcoholic solution of phloro¬ 
glucin and then add a drop or two of strong hydrochloric acid. The magenta-red 
colour will be produced. 

As material, practically any lignified tissue may be used. Shavings from twigs 
of any tree or shrub, e.g. pith and wood from the Elder {Sambucus nigra) ^ will be 
found useful: also shavings from a match ; straw, bran, coarse string, cheap white 
paper, such as newspaper or white and pale-coloured papers used for wrappings. 

Make the phloroglucin test on good white writing paper. It should not give the 
reaction since it is made from cellulose. 

Other phenols and their derivatives will also give colour reactions with lignin in 
the presence of hydrochloric acid, but the colorations in most cases are not so much 
developed as with phloroglucin (Ozapek, 6). For this reason (though it is also possible 
to use any of the lignified tissues suggested above) good results are obtained by using 
strips of any cheap newspaper, since the reagents seem to penetrate this material 
quickly. 

Soak strips of newspaper (or other material) in alcoholic solution of the following 
substances, or such of them as are available, and then add a few drops of concen¬ 
trated hydrochloric acid. It is useful to put the material on a white glazed tile or 
plate : 

Reaction 


Phenol ... 

... blue-green coloration 

Resorcinol 

... violet 

•n 

Orcinol ... 

... red-violet 

33 

Oatechol 

... greenish-blue 

33 

Pyrogallol 

... blue-green 

33 

Guaiacol 

... yellow-green 

33 

Ore,sol ... 

... greenish 

33 

a-Naphthol 

... greenish 

>3 

Thymol 

... green 

33 

Indol 

... cherry-red 

J3 

Skatol ... 

... cherry-rod 

)3 


It should be noted that strong hydrochloric acid alone will sometimes 
give a red colour with woody tissues: this is due to the presence of 
phloroglucin in the wood itself (see phloroglucin, p. 88). 

Ex ft. 74. Destruction of the lignin element in wood. Take some paper which gives 
the phloroglucin reaction for lignin strongly and cut it u|> into pieces about an inch 
square. Then boil the paper in some 1 % sodium hydroxide solution for a short time. 
After washing well, put it into a flask or large test-tube with a few c.c. of bromine- 
water and allow it to stand for an hour or two. Then wash again and heat in a 
2 % solution of sodium sulphite. Wash free from sulphite, dry and test with 
alcoholic phloroglucin solution and strong hydrochloric acid. No red colour, or very 
little, will be produced. If a little red coloration is formed, the process should be 
repeated until finally all the lignin reaction disappears. 
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Pecto-cellulose. The non-cellulose constituents in this case belong 
to the class of pectic substances which have already been considered 
(see p. 63). Such celluloses occur in the cell-walls of the tissues of 
many fleshy roots, stems and fruits. 

Adipo- and cuto-celluloses. These products are found in the walls 
of corky and cuticularized tissues. Their chemical composition is 
obscure but they appear to contain substances of a fatty or wax-like 
nature. 

Hemi-celluloses. These are not strictly celluloses since they are built 
up of mannans, galactans and pentosans on lines which have already been 
considered (see pp. 59 and 60). They frequently occur united with each 
other, for instance as galacto-, gluco- and fructomannan, galactoaraban, 
galactoxylan, etc. They are found in the cell-walls of the tissues of 
many seeds. 


The Synthesis and Interrelationships of Carbohydrates 

in the Plant. 

Now that the properties and characteristics of various carbohydrates 
have been dealt with, their synthesis and their relationships, one to 
another, may be considered. 

In the previous chapter it has been shown how the plant synthesizes 
a sugar from carbon dioxide and water by virtue of the chemical energy 
obtained from transformation of radiant energy by means of chlorophyll. 
When this sugar reaches a certain concentration in the cell, in the 
majority of plants, starch is synthesized from it by condensation with 
elimination of water. The starch is thus the first visible product of 
assimilation and is temporarily “ stored ” in an insoluble form during the 
day, when photosynthesis is active. During the night photosynthesis 
ceases but the sugar is still translocated from the leaf, as it was in fact 
during the day; thus, since the supply ceases, the concentration in the 
cell falls, and the “ stored ” starch is then hydrolyzed again into sugar, 
and the process continues until the leaf is either starch-free, or contains 
considerably less starch. During the next day, the starch formation is 
repeated and so forth. The process of hydrolysis of starch is carried out 
by the enzyme, diastase, with the formation of dextrin and maltose. In 
all probability this same enzyme controls the synthesis of starch. 

On the other hand, it has been shown that many plants do not form 
starch, at all in their leaves but only sugar. Examples are the adult 
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Mangold plant (Beta vulgaris) and many Monocotyledons (Allium., 
Scilla). 

As to the question of which sugars are present in the leaf, there is 
only evidence from accurate work on a few plants. Careful investiga¬ 
tions have been made of. the sugars in leaves of the Mangold (Beta 
vulgaris) (Davis, Daish and Sawyer, 15), Garden Nasturtium (Tropaeo- 
lum majus) (Brown and Morris, 5), the Snowdrop (Galanthus nivalis) 
(Parkin, 24), the Potato (Solanum tuberosum) (Davis and Sawyer, 17) 
and the Vine (Vitis vinifera). The general conclusions drawn from 
these investigations are that sucrose, glucose, and laevulose are always 
present in leaves: that maltose results from the hydrolysis of starch, 
being absent from leaves which do not form starch. Maltose is not pre¬ 
sent in appreciable quantity even in starch-producing leaves because it is 
rapidly hydrolyzed into glucose by maltase. (In such cases where it has 
been detected it has been due to diastase action during the drying of 
leaves before extraction.) Other leaf carbohydrates are the pentoses 
which have been found in a good many species examined and may be 
widely distributed; the pentosans, their condensation products, also occur 
as well as dextrin (Potato). 

The next question to be considered is what sugar is first synthesized 
in the leaf. Is it glucose, laevulose, sucrose or maltose ? It is known 
that the enzymes, invertase and maltase, are commonly present in leaves 
and that these enzymes respectively control the hydrolysis, of cane- 
sugar into glucose and laevulose, and of maltose into glucose. It is also 
possible that they respectively control the synthesis of sucrose and 
maltose. Laevulose, likewise, as may be supposed, can be obtained from 
glucose. Thus all the sugars can be readily converted one into another, but 
to ascertain which is the first product of synthesis is not an easy problem. 

In addition to the above-mentioned work on the nature of the sugars 
present in leaves, a good deal of careful analysis has been made as to the 
proportions in which the sugars occur relatively to each other during 
stated periods of time, with a view to answering the question as to 
which is the first-formed sugar. There are two possibilities; one, that 
it is sucrose and that it is hydrolyzed into glucose and fructose: the 
other, that it is glucose, from which fructose is derived, and the two are 
then synthesized to form sucrose. 

Opinion is divided on this point and there is not at present sufficient 
experimental evidence to decide the matter. The majority of investi¬ 
gators regard sucrose as the first-formed sugar, and suggest that it is 
inverted into hexoses for purposes of translocation, since the smaller 
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molecules would diffuse faster. There is experimental evidence that 
there is an increase in hexoses in the conducting tissues. Others favour 
the view that glucose; is the first-lormed sugar, and bring forward 
evidence to this effect. Then* is however no reason why hexoses should 
not be formed first and then converted into cane-sugar and temporarily 
stored as such, being again reinverted into hexoses for translocation. 
Nor is then; any reason for supposing that the first-formed sugar is 
always the same in every plant. 

There appears to be very little doubt that maltose is formed in 
the hydrolysis of starch, and also that starch is a temporary reserve 
material in the leaves, but whether formed direct from sucrose or from 
hexoses cannot be stated. 

There is some; evidence in favour of the view that glucose is more 
readily used in respiration than laevulose, for under circumstances when 
neither can be increased, the glucose tends to disappear. 

From the leaf the various sugars are translocated to other organs of 
the plant, e.g. root, stem, flower, fruit and seed. In some cases starch 
is synthesized from the*, sugars and “ stored ” in roots, tubers, tuberous 
stems, fruits and seeds. In other cases the sugars themselves may be 
“ stored,” as, for instance, in the root of the Beet (Beta vulgaris ), or they 
may have a biological significance, as in sweet fruits. It must also be 
borne in mind that sugars arc; employed throughout the plant in re¬ 
spiration and in the; synthesis of more complex substances, i.e. cellulose, 
gums, pentosans, mucilage, aromatic? substances, fats and to a certain 
extent proteins: in fact they or their precursors constitute the basis 
from which all organic eomjKmnds an; synthesized. 

The following experiments can be performed with either the Garden 
Beet or the Mangold Wurzel, both of which arc; varieties of Beta vulgaris , 
the Common Beetroot. The sugars in the leaves and petioles of the 
Mangold have been investigated (Davis, Daish and Sawyer, 15) and 
sucrose, laevulose and glucose; have been found. Starch is absent in 
the adult plant and also maltose. The opinion is held that sucrose is 
the first-formed sugar of photosynthesis and that this is hydrolyzed for 
translocation on account of the. greater rate of diffusion of the smaller 
molecules of glucose and laevulose. These are again synthesized in the 
root to form sucrose where the latter is stored, and hexoses are almost 
absent from this organ. Though the facte concerning the distribution 
of the sugars stated above; are reliable, it is not certain that the deduc¬ 
tions are permissible. The leaf contains the enzymes, invertase, maltase 
and diastase (Robertson, Irvine and Dobson, 25). 
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In connexion with the occurrence of various sugars in loaves it is 
of interest to note that glucose, fructose and mannose* can pass over 
into one another in alkaline aqueous solution. This has boon explained 
by their conversion into the enolic (unsaturated) form common to all 
three hexoses: 


CHO 
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Expt. 7f>. To show the presence of both hexoses and mterme in the leaf (Davis, 
Daish and Sawyer, 15). Take about 5 gran, of fresh leaf of either the Beet or Mangold. 
(Leaves of the Garden Nasturtium (Tropaeolum majus) and Wild Ghervil (Uhaero- 
phyllum sylvestre) may also be used.) Tear them into small pieces and drop them 
into boiling 90-98 % alcohol in a flask on a water-bath. In this way the enzymes of the 
leaf are killed, and no changes will occur in the carbohydrate present. After boiling for 
a short time, the alcohol is filtered off and the extraction repeated. Evajiorafc© the 
filtrate to dryness in an evaluating dish on a water-bath. The filtrate will contain 
chlorophyll and various pigments, sugars, glucoaides, aromatic eomjMmnds and other 
substances according to the plant used. Then add alxmt 20 e.e. of water and at in¬ 
tervals a few drops of basic lead acetate until it ceases to form a precipitate. By this 
means all hexoses combined with aromatic substances as glucomden (mm p. 142) are 
precipitated as insoluble lead salts. The precipitate is filtered oft’and the lead in the 
fitrate removed by sodium carbonate, avoiding excess. Filter again and the filtrate 
will contain the sugars. Boil the latter and add Fehlingfo solution drop by drop till 
reduction ceases. Filter off the copper oxide and then lw>il the solution with dilute 
sulphuric acid for a few minutes and make neutral to phenolphthukdn. Reduction 
will occur on adding more Folding and ladling, owing to the inversion of the cane- 
sugar present. 

Expt. 76. To show the presence of hexoses in the leaf by means of the formation of 
glutmazme. Leaves of Beta, Champkyllum sylvestre, or Tropaetdtm may be used. 
Extract as in the previous experiment and precipitate the glucosides with the 
minimal amount of basic lead acetate. Test for osazone hi the filtrate as In 
Expt, 41 (d), 

Expt 77. To obtain starch from green leaves. Weigh out 85 gum. of leaflets of the 

Pea ( Pimm sativum). The leaves should have bmn picked in the evening after a 
sunny day, and it does not matter if the cut leaves are left overnight Dip the leaf¬ 
lets for a moment into boiling water, remove excess of water unci drop th«u into 
200 c.e. of 96-98% alcohol and boil till the chlorophyll is extracted : then filter. 
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Take the residue of leaves and pound (but not finely) in a mortar and then wash 
thoroughly with distilled water. Filter through muslin and press free from water 
(this process extracts most of the protein). Boil the residue with 100 c.c. of water and 
filter. To the filtrate add iodine. At first the colour may disappear owing to the 
presence of protein in solution in addition to the starch. When more iodine is added 
a deep blue coloration is formed. 


Plant Enzymes which hydrolyze Carbohydrates. 

Diastase. In the plant starch may be regarded as a reserve product. 
It is synthesized from sugar, and may be again hydrolyzed into sugar. 
It can be shown experimentally that starch is converted into 'glucose by 
boiling with acids, but in the plant the hydrolysis of starch is catalyzed 
by the enzyme, diastase. Although the reaction is doubtless of con¬ 
siderable complexity, it may, broadly speaking, be represented as 
follows: 

(C 6 H 10 O f) ) n +H 2 0 ► (C 6 H 1 o0 6 ) a .H-C 12 H220 n 

Dextrin Maltose 

Thus the final products under these conditions are dextrin and the 
disaccharide, maltose ; and not glucose. 

It is reasonable to assume that cells which contain starch also either 
contain, or are capable of producing, diastase. But the amount of 
diastase present, or at any rate capable of being extracted, varies in 
different tissues. Diastase, like most enzymes, is soluble in water. In 
many cases, however, a water-extract from fresh crushed tissues in which 
diastase occurs, will not contain any appreciable amount of enzyme. 
This is sometimes due to the fact that the protoplasm does not readily 
yield up the enzyme until it has been killed. If the tissues are dried at 
a moderate temperature (30-40° C.) both the powdered leaves them¬ 
selves and a water extract are fairly rich in diastase; or, if the living 
tissues are macerated and extracted with water to which chloroform 
has been added, the cells die more rapidly and yield up the enzyme to 
the solvent. From such a water extract, a crude precipitate containing 
the enzyme may be obtained by addition of alcohol. For obtaining the 
maximum results with diastatic activity in leaves, a water extract 
should be made after they have been killed, either by drying, or by the 
action of toluol or chloroform. 

It has been shown (Brown and Morris, 5) that in leaves which con¬ 
tain tannin, the presence of the latter largely inhibits the action of the 
enzyme and may be the cause, in such cases, of an entire lack of activity 
in the extract. 
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The cliasfcatic activity of leaves appears to vary largely in different 
genera and species. The subject has been investigated (Brown and 
Morris, 5) and a list of their relative activities has been drawn up as 
follows. 

[The numbers represent the amount of maltose, expressed in grams, which 10 
gms. of air-dried leaf will produce from soluhle-stareh (starch treated with dilute 
hydrochloric acid) by hydrolysis in 48 hrs. at 30'' 0. | 


Pisum sativum. 

... 240-30 

Helianthus animus. 

3*94 

Phasoolus multiflorus. 

... 110*40 

11. tuberosuH .... 

3*78 

Lathy run odo mtus . 

...100*37 

Funkia sinensis . 

5*91 

L. pratensis . 

... 34*79 

Allium Cepa ... 

3*70 


... 8iH>() 

Hernerocallis ful va,. 

21)7 

T. oehroloucum . 

... 58-21 

PopuhiB sp..... 

3*7!) 

Yicia sativa . 

... 79*55 

Syringa vulgaris.. 

2*53 

y hirsute- ---- 

... 53*23 

Cotyledon l<mlaliens.. 

4111 

Lotus corniculatus . 

... 19*48 

Hamulus Lupulus ....2*01 

9410 

Lupinus sp. 

... 3*51 

Hymenophyllum demissum ... 

4*20 

Grass with Clover .. 

... 27*92 

Uydroeharis Morses-ranae ... 

0*207 

Tropaeolurn majus. 

3*68.9*(>4 



From the above table 

it is seen 

that the leaves of genera of th< 


Lcguminosae are apparently very rich in diastase. Whether this i« so, 
or whether in other plants the diastatie activity is inhibited by other 
substances, has not yet been ascertained. As mentioned above, tanniim 
inhibit the action of diastase, and hence leaves rich in tannin, e.g. Hop 
(Humulm), cannot be expected to yield good results. 

The tissues of germinating barley (Hordenm vulgure) also contain 
large quantities of diastase, and this material can be used to demon¬ 
strate the solubility, isolation and activity of the* enzyme. 

The action on starch of diastase from the leaf of the Common Fen 
(Pisum sativum) and from germinating barley grains has already been 
demonstrated [see Expt. 57 (a) and ( b )] in connexion with dextrin. The 
following experiments have special reference to the enzyme. 

Expt 78. To demonstrate the activity of diantam from germinating htrlny. (I rind 
2-3 gins, of barley grains in a coffee-mill Boil the product with 100 e.e. of water 
and filter, first through fine muslin if nc«wsary, then through filtar-pafHir. A starch 
“ solution ” will be obtained. 

Pound up 2-3 gms. of germinated liarley grains in a mortar ami extract the mass 
with 50 e.c. of water. Filter, and take two equal jwrtions in two te»t4tdm Boil one 
tube. To both tubes add an equal quantity of the starch solution prof»rw! above. 
Place the tubes in a beaker of water at 38~40 M 0. From time to time withdraw ii 
drop from each tube with a pipette and tent with iodine solution on a white tile. The 
starch in the unboiled tube will gradually give the dextrin reaettmw (mm p. 57); that 
in the boiled tube will remain unchanged. 
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This simple method may also be adopted for showing the diastatic activity of 
leaves. Instead of germinating barley, a few leaflets of the Pea ( Pisum sativum) or 
Clover (Trifolium pratense) should be pounded up in a mortar and extracted with 
50 c.c. of water and filtered. 

Expt. 79. To show that leaf-diastase is still active after drying the leaves at 
temperatures not higher than 38° C. Take 10 gms. of fresh Pea leaves and dry by 
spreading them in the sun. Then powder and finally dry in an incubator at 38‘ 0. 
Make up 500 c.c. of a 1 % solution of starch (see Expt. 55). To this add the dry leaf 
powder together with a few drops of toluol and keep in an incubator at 38° C. Test 
the solution with iodine from time to time and note the hydrolysis of the starch. 

Expt. 80. To show that the action of diastase is impaired by contact of the enzyme 
with alcohol. Pound up 10 gms. of fresh Pea leaves, add 100 c.c. of water, a few drops 
of toluol and allow the mixture to stand for 12 hrs. Filter off the extract, and 
add at least an equal bulk of 96-98 °/ 0 alcohol. A white precipitate is produced 
which, among other substances, contains crude diastase. Filter, and wash the 
precipitate with a little water into 500 c.c. of a 1 % starch solution. Add a few drops 
of toluol, plug with cotton-wool and put in an incubator. Test with iodine from 
time to time. It will be found that the hydrolysis takes place much more slowly 
than in the previous experiments. 

Expt. 81. To show that the action of diastase is inhibited by tannic acid. Take 
about 0*5-1 gm. of dried powdered Pea leaf. Let it stand for about 12 hrs. in 50 c.c. 
of water containing a few drops of toluol. Filter off, and to equal amounts of the 
filtrate in two small flasks add aboxit 10 c.c. of a 1 % starch solution. Add also 
10 c.c. of a 0*5 % tannic acid solution to one test-tube. Put both tubes into an 
incubator. Test with iodine solution after a few hours. It will be found that the 
tannic acid has inhibited the action of the diastase. 

Maltase. This enzyme hydrolyzes maltose into two molecules of 
glucose: 

^12^22^11 4* H 2 Q = 2C0H 12 O fl . 

Investigations upon maltase have, until recently, produced rather 
contradictory results, but later work (Davis, 12: Daish, 13,14) has led to 
more satisfactory conclusions. The latter show that maltase is most 
probably present in all plants in which hydrolysis of starch occurs. It 
has been detected in leaves of the Nasturtium (Tropaeolum), the Potato 
(Solarium), the Dahlia, the Turnip ( Brassica ), the Sunflower (Helianthus) 
and the Mangold (Beta), and it is most probably widely distributed in 
foliage leaves. Its detection is not easy for various reasons which are 
as follows. It is not readily extracted from the tissues by water: it is 
unstable, being easily destroyed by alcohol and chloroform. Its activity 
is also limited or even destroyed at temperatures above 50° C. Hence 
the extraction of maltase, by merely pounding up tissues with water, 
does not yield good results: moreover, as an antiseptic, toluol must be 
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used and not chloroform. Finally, if the enzyme is to bo extracted from 
dried material, this must not be heated at too high a temperature 
previous to the extraction. 

Maltase occurs in quantity in both germinated and ungerminated 
seeds of cereals. If, in kilning, malt has not been heated at too high a 
temperature, the maltase may not be destroyed, and, in such cases, malt 
extract will contain both diastase and maltase. This would explain the 
fact that glucose, insteiui of maltose, has sometimes been obtained by 
the action of malt diastase on starch. In other cases, when a higher 
temperature has been employed, the maltase will be destroyed. Maltase* 
itself, of course, does not act directly upon starch but only on maltose. 
The use of chloroform, as an antiseptic, by some observers explains how 
they came to overlook the presence of maltase, thus obtaining maltose, 
and not glucose, as an end product in hydrolysis by malt extracts. The 
optimum temperature for the maltase reaction is (1 

The presence of maltase in leaves is not readily shown for the 
following reasons. Since maltase is destroyed by alcohol, the prejaira- 
tion of a crude precipitate of the enzyme by precipitating a water 
extract of the leaves is not satisfactory. If the water extract is added 
directly to maltose, and incubated, hydrolysis may be demonstrated by 
determining the reducing power of the sugars formed. A control 
experiment must, however, be made by incubating the water extract 
alone, and subsequently determining the reducing power of any sugars 
present. 

Invertase. This enzyme hydrolyzes cane-sugar into one molecule 
of glucose and one molecule of laevulose: 

+ HgO CnHj 3 O04*CgH|«jO|}. 

Invertase is probably very widely distributed in plants. Its presence 
has been demonstrated in the leaves and stem, though not in the* mot, 
of the Beet (Beta vulgaris) (Robertson, Iryine and Dobson, 25), Also in 
the leaves of a number of other plants (Kastle and Clark, 20). Its de¬ 
tection, by its action on sucrose, is not easy on account of the presence 
of other enzymes and reducing sugars in leaf extracts. 

The absence of invertase from the root of the Beet raises a difficulty 
as to how the cane-sugar is synthesized from the hexoses supplied from 
the leaves (see p. 71). Some observers (Robertson, Irvine and Dobson, 
25) incline to the view that cane-sugar is synthesized in the stems and 
travels as such to the roots. Others (Davis, Daish and Hawyor, 15) 
maintain that the cane-sugar is synthesized in the root, oven though 
invertase is absent. 
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CHAPTER VI 

THE FATS AND LIPASES 

A fat may be defined as an ester or glyceride of a fatty acid. Just 
as an inorganic salt, such as sodium chloride, is formed by the reaction 
of hydrochloric acid with sodium hydroxide, so a fat is formed by the 
reaction of the trihydric alcohol, glycerol, and a fatty acid. 

The word fat is not a familiar one in botanical literature, the term 
oil being more commonly used. It is generally met with in connexion 
with the reserve products of seeds. The oils of seeds are, however, true 
fats. The term oil may be misleading to some extent, because a fat 
which is liquid at ordinary temperatures is usually spoken of as an oil, 
and yet there are also many other substances, of widely differing chemi¬ 
cal composition, which have the physical properties of oils, and which 
are known as such. 

Most of the vegetable fats are liquid at ordinary temperatures but 
some are solids. 

The best-known series of acids from which fats are formed is the 
series C w H 2n 0 2 of which formic acid is the first member. The other 
members of the series which occur in fats are : 

Acetic acid CH s COOH or C 2 H 4 0 2 
Butyric acid C 3 H 7 COOH or C 4 H 9 0 2 
Caproic acid C 6 H n CQOH or C 6 H 12 0 2 
Caprylic acid C 7 H 16 COOH or C 8 H 16 0 2 
Capric acid C 9 H 19 COOH or Ci 0 H 20 O 2 
Laurie acid CnH^COOH or C^H^Oa 
Myristic acid C^H^COOH or C 14 H 28 0 2 
Palmitic acid C 15 H 31 COOH or C 10 H 82 O 2 
Stearic acid C 17 H 35 COOH or CisHg^ 

Arachidic acid C^H^COOH or CaoH^Og 
Behenic acid C^H^COOH or CaaH^Oa 

Another series is the oleic or acrylic series C n H m « 2 0 2 of which the 
members are: 

Tiglic acid C 5 H 8 0 2 
Oleic acid O^Ef^Oa 
Elaidic acid CiaH^Og 
Iso-oleic acid C 18 H 34 0 2 
Erucic acid O^H^O 2 

Brassidic acid C^H^Oa 
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Of these, oleic acid (as glyceride) is the most widely distributed. 
Yet other series are : 

The 1 inol ie OJ1 m / K 

The linolenic (J»H sn . a () tf 

The clupanodonie C n IL tt _ 8 (L 
The rieinoleic t C„H ., n J) :( 

The fat which occurs in an oil-containing seed is not coin posed of 
the glyceride of one acid, but is a mixture of the glycerides of several, 
or even a large number of different acids, often members from more 
than one of the above series. Thus the fat of the fruit of the Ooeomit 
(Cocos nucifera ) consists of a mixture of the glycerides of eaproic, eapry- 
lic, caprie, lauric, myristic, palmitic and oleic acids. Linseed oil from 
the seeds of Linum usitatissimwn again is a mixture* of the glycerides 
of palmitic, myristic, oleic, linolic, linolenic and isolinolenic acids. Simi¬ 
lar mixtures are found in other fruits and seeds. 

Since glycerol is a trihydric alcohol, it would be {xossible for one or 
more of the three hydroxyls to react with the*: acid to form mono-,di- or 
tri-glycerides. All these cases occur and, sometimes, oik* hydroxyl is 
replaced by one acid, and another hydroxyl by a different acid. 

When the distribution of fats among the* flowering plants is con¬ 
sidered, they are found to be more widely distributed than the botanist 
is generally led to suppose*. 

The following is a list of some of the? plants especially rich in fats 
as reserve material in the fruits or seeds. It represents only a selection 
of the better known genera, since many other plants have fatty seeds. 
An approximate percentage of oil present in the fruit or seed is given. 

Graminaceae: Maize ( Zen Mays) 4 %. 

Palmaceae ; Oil Palm (Elaeisguimmis) 02 %: Coconut Palm (them 
nucifera) 65 %. 

Juglandaceae: Walnut (Juglans regia) 52 %. 

Betulaceae: Hazel (Coryl us Amllana) 55 %. 

Moraceae r Hemp (Cannabis sativa) 33 %. 

Papaveraceae: Opium Poppy ( Papamr somnifernm) 47 %. 

Crucxferae: Garden Cress (Lepidium sativum) 25%: Black Mustard 
(Sinapis nigra) 20%: White Mustard (Binapis alba) 25 %: Calm 
(Brasma rapa var. oleifera) 33 %: Rape (Brmma napus) 42%. 

Rosaceae: Almond (Prunm Amygdalm) 42%: Peach (P. Permca) 
35 % * Cherry (P. Cerasus) 35 %; Plum (P. dommtwa) 27 %, 

Linaceae; Flax (Mnum udtatwdfmm) 20-40%. 

Euphorbiaceae: Castor-oil (Manus communis ) 51 %. 
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Malvaceae: Cotton ( Oossypium herbaceum) 24°/ 0 . 

Sterculiaceae : Cocoa ( Theobroma Cacao) 54 °/ 0 . 

Lecythidaceae: Brazil Nut ( Bertholletia excelsa) 68°/o* 

Oleaceae: Olive {plea europaea) 20-70 °/ 0 : Ash {Fraxinus excelsior ) 
27 %. 

Rubiaceae : Coffee (Coffea arabica) 12 °/o- 

Cucurbitaceae: Pumpkin {Cucurbita Pepo) 41 °/ 0 . 

Compositae : Sunflower {Helianthus annuus) 38 °/ 0 . 

The conclusion must not be drawn from the above list that the 
seeds of the plants mentioned have exclusively fats as reserve materials. 
In many cases fat may be the chief reserve product, but in others it 
may be accompanied by either starch or protein or both. 

Some of the best-known examples of fat-containing seeds which 
yield“ oils ” of great importance in commerce, medicine, etc., are Ricinus 
(castor oil), Brassica (colza oil), Oossypium (cotton-seed oil), Cocos 
(coconut oil), Elaeis (palm oil), Olea (olive oil). 

In the plant the fats are present as globules in the cells of the fat- 
containing tissues. 

Plant fats may vary from liquids, through soft solids, to wax-like 
solids which generally have low melting-points. They float upon water 
in which they are insoluble. They are soluble in ether, petrol ether, 
benzene, chloroform, carbon tetrachloride, carbon bisulphide, etc.: some 
are soluble in alcohol. With osmic acid fats give a black colour, and 
they turn red with Alkanet pigment which they take into solution. 

Expt . 82. Tests for fats. Weigh out 50 gms. of Linseed (Lmum usitatmimum) 
and grind in a coffee-mill. Put the linseed meal into a flask, cover with ether, cork 
and allow the mixture to stand for 2-12 hrs. Filter off the ether into a flask, fit 
with a condenser and distil off the ether over an electric heater. (If a heater is 
not available, distil from a water-bath of boiling water after the flame has been 
turned out.) When the bulk of the ether is distilled off, pour the residue into an 
evaporating dish on a water-bath and drive off’ the rest of the ether. With the residue 
make the following tests in test-tubes : 

{a) Try the solubilities of the oil in water, petrol ether, alcohol and chloroform. 
It is insoluble in water and alcohol, but soluble in petrol ether and chloroform. 

(b) Add a little 1 % solution of osmic acid. A black colour is formed. (This re¬ 
action is employed for the detection of fat in histological sections.) 

(c) Add to the oil a small piece of Alkanet {Ancfmsa officinalis) root, and warm 
gently on a water-bath. The oil will be coloured red. Divide the oil into two portions 
in test-tubes. To one add a little water, to the other alcohol. The coloured oil will 
rise to the surface of the water in one case, and sink below the alcohol in the other. 
The Alkanet pigment being insoluble in both water and alcohol, these liquids remain 
uncoloured. 

Keep some of the linseed oil for Expt. 83. 

o. 


6 









82 


THE FATS AND LIPASES [ch. 


It is well known that the hydrocarbons of the unsaturated ethylene 
series CJE 2W , will combine directly with the halogens, chlorine, bromine 
and iodine to give additive compounds, thus: 

C2H4 + BP 2 = C2H4B Pg 

ethylene bromide 

The acids of this series also behave in the same way, and since many 
plant fats contain members of the series, the fats will also combine with 
the halogens. 

Expt. 83. To show the presence of unsaturated groups in a fat. To a little of the 
linseed extract add bromine water. Note the disappearance of the bromine and the 
formation of a solid product. 

One of the most important chemical reactions of fats is that known 
as saponification. When a fat is heated with an alkaline hydroxide the 
following reaction takes place: 

C 17 H 35 CO-o— ch 2 


C 17 H 35 CO O—CH +3KOH = 3C 17 H 3 5COOK-f.CH 2 OH • CHOH • CH 2 OH 
j glycerol 

CnHfcCO-O—CH a 

tristearin 


The potassium salt, potassium stearate* of the fatty acid, stearic 
acid, is termed a soap. The ordinary soaps used for washing are mix¬ 
tures of such alkali salts of the various fatty acids occurring in vegetable 
and animal fats, and are manufactured on a large scale by saponifying 
fats with alkali. The soaps are soluble in water, so that when a fat is 
heated with a solution of caustic alkali, the final product is a solution of 
soap, glycerol and excess of alkali. The soap is insoluble in saturated 
salt (sodium chloride) solution, and when such a solution is added to 
the saponified mixture, the soap separates out and rises to the 
surface of the liquid. This process is known as “ salting out.” If the 
saponified mixture is allowed to cool without salting out, it sets to 
a jelly-like substance. When caustic potash is used for saponification 
and the product is allowed to set, a “ soft ” soap is formed. Hard soaps 
are prepared by using caustic soda and salting out. 

The properties of soaps in solution are important. When a soap 
goes into solution, hydrolysis takes place to a certain extent with the 
formation of free fatty acid and free alkali. The free fatty acid then 
forms an acid salt with the unhydrolyzed soap. This acid salt gives rise 
to an opalescent solution and lowers the surface tension of the water 
with the result that a lather is readily formed. 

The property of soaps of lowering surface tension is the reason for 
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their producing very stable emulsions when added to oil and water (see 
chapter on colloids, p. 11). 

Expt. 84. Hydrolysis of fat with alkali. Take 12 Brazil nuts, tlie seeds of Berthol- 
letia (Lecythidaceae). Crack the seed coats and pound the kernels in a mortar. Put 
the pounded nut in a flask, cover it with ether, and allow the mixture to stand for 
2-12 hrs. Filter into a weighed or counterpoised flask and distil off the ether as in 
Expt. 82. Weigh the oil roughly and add 4-5 times its weight of alcoholic caustic 
soda (prepared by dissolving caustic soda in about twice its weight of water and 
mixing the solution with twice its volume of alcohol). Heat on a water-bath until 
no oil can be detected when a drop of the mixture is let fall into a beaker of water. 
Then add saturated sodium chloride solution. The soaps will rise to the surface. 
Allow the soaps to separate out for a time and then filter. Press the soap dry with 
filter-paper, and test a portion to see that it will make a lather. Neutralize the 
filtrate from the soap with hydrochloric acid and evaporate as nearly as possible to 
dryness on a water-bath. Extract the residue with alcohol and filter. Test the 
filtrate for glycerol by means of the following tests: 

(a) To a little of the solution add a few drops of copper sulphate solution and 
then some sodium hydroxide. A blue solution is obtained owing to the fact that 
glycerol prevents the precipitation of cupric hydroxide. 

(b) Treat about 5 c.c. of a 0*5 % solution of borax with sufficient of a 1 °/ 0 solu¬ 
tion of phenolphtbalein to produce a well-marked red colour. Add some of the 
glycerol solution (which has first been made neutral by adding acid) drop by drop 
until the red colour just disappears. Boil the solution : the colour returns. The re¬ 
action is probably explained thus. Sodium borate is slightly hydrolyzed in solution 
and boric acid, being a weak acid, is only feebly ionized, and therefore the solution 
is alkaline. On adding glycerol, glyceroboric acid (which is a strong acid) is formed 
and so the reaction changes to acid. On heating, i<he glyceroboric acid is hydrolyzed 
to glycerol and boric acid, and the solution again becomes alkaline. 

(c) Heat a drop or two with solid potassium hydrogen sulphate in a dry test-tube; 
the pungent odour of acrolein (acrylic aldehyde) should be noted : 

C 3 H 8 0 3 ^C 2 H 3 * CHO +2H 2 0. 

In addition to Brazil nuts, the following material can also be used : 
endosperm of Coconut, ground linseed, almond kernels and shelled seeds 
of the Castor-oil plant ( Ricinus ): about 50 gms. should be taken in 
each case. 

Expt. 85. Reactions of soaps, (a) Take some of the soap which has been filtered 
off and shake up with water in a test-tube. A lather should be formed, (b) Make 
a solution of a little of the soap in a test-tube and divide it into three parts. To each 
add respectively a little barium chloride, calcium chloride and lead acetate solutions. 
The insoluble barium, calcium and lead salts will be precipitated. (The curd which 
is formed in the case of soap and hard water is the insoluble calcium salt.) Thirdly, 
take the remainder of the soap and acidify it with dilute acid in an evaporating dish, 
and warm a little on a water-bath. The soap is decomposed and the fatty acids are 
set free and rise to the surface. 
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Expt. 8(>. Reactions of fatty acids, (a) Try the solubilities in other and alcohol 
of the acids from the previous experiment. They are soluble, (h) Shake an alcoholic 
solution of the fatty acids with dilute bromine water. The colour of the bromine is 
discharged owing to the bromine forming additive compounds with the tmsaturatcri 
acids. 

The question of thu metabolism of fats in the plant is a very com¬ 
plicated one and has not yet been satisfactorily investigated. All plants 
may have the power of synthesizing fats, and a great number, as we have 
seen, contain large store's of these 1 compounds in the* t issues of the 
embryo, or endosperm, or both. Tim point of interest is that of fracing 
the processes by which these* fats are synthesized, and are* again hydro¬ 
lyzed and decomposed. The* products of decomposition may serve for 
the synthesis of other more vital compemnds as the* embryo develops, 
and before it is able fce> synthesize the. 1 initial carbohydrates, and to 
absorb the salts requisite for general plant metabolism. 

One fact seems fairly clear, namely that when fat-eon tabling seeds 
germinate, an enzyme is present in the tissues which has the* power of 
hydrolyzing fats with the* formation of fatty acids and glycerol. Such 
enzymes are termed lipises. 

The lipase which has been most investigated is that which occurs in 
the seeds of the Oastor-oil plant (Ridtins communis). It has been shown 
that if the germinating seeds are crushed and allowed to autolyze 
(p. 19) in the presence of an antiseptic, the* amount of fatty acid in¬ 
creases, whereas in a control experiment in which the enzyme has been 
destroyed by heat, no such increase takes place (Reynolds Ureen, 9, 10). 

Investigation has shown the enzyme to be present also in the resting 
seed, but in an inactive* condition as a so-called zymogen (Armstrong, 
4, 5, 0, 7). The zymogen is considered to be a salt and, after acidifica¬ 
tion with weak acids, the salt is deeomjKmed, and the enzyme becomes 
active. After the preliminary treatment with acid, however, the enzyme 
is most active in neutral solution. The effect of acid on the zymogen 
may be demonstrated by autolyzing the crushed seed with u little 
dilute acetic acid; the increase of acidify will be found to he much 
greater than in the case of a control experiment in which acid has not 
been added. 

It has not been found possible to extract the enzyme from the 
resting seed. An active material can be obtained by digesting the 
residue, after extraction of the fat, with dilute acetic acid and finally 
washing with water. This material can then be used for toting the 
hydrolytic power of the enzyme on various fats. 
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There is little doubt that lipase catalyzes the synthesis of fats as 
well as the hydrolysis; the reaction, in fact, has been carried out to a 
certain extent in vitro. 

Expt. 87. Demonstration of the existence of lipase in ungerminated Ricinus seeds . 

A. Remove the testas from about two dozen Ricinus seeds and pound the kernels 
up in a mortar. Into three small flasks (a), (b) and (c), put the following : 

(a) 2 gms. of pounded seed + 10 c.c. of water. 

(b) 2 gms. of pounded seed *f 10 c.c. of water -f 2 c.c. of N/10 acetic acid. 

(c) 2 gms. of pounded seed -f- 10 c.c. of water + 2 c.c. of N/10 acetic acid, and 
boil well. 

Add a few drops of chloroform to all three flasks, plug them with cotton-wool, 
and allow them to incubate for 12 hours at 37° C. Then add 2 c.c. of N/10 acetic 
acid to flask (a), and 25 c.c. of alcohol to all three flasks. Titrate the fatty acids 
present with N/10 alkali, using phenolphthalein as an indicator. A greater amount 
of fat should be hydrolyzed in ( b) than in (a), and also slightly more in (a) than in 
(c). The addition of alcohol checks the hydrolytic dissociation of the soap formed on 
titration. 

B. Pound up about 15 gms. of Ricinus seeds which have been freed from their 
testas, and let the pounded mass stand with ether for 12 lirs. Then Alter, wash with 
ether and dry the residue. Weigh out three lots, of 2 gms. each, of the fat-free meal 
and treat as follows : 

(a) Grind up the 2 gms. of meal in a mortar with 16 c.c. of N/10 acetic acid 
(i.e. 8 c.c. of acid to 1 grn. of meal), and let it stand for about 15 minutes. Then 
wash well with water to free from acid, and transfer the residue to a small flask. 
Add 5 c.c. of castor oil, 2 c.c. of water and a few drops of chloroform. 

(b) Treat the 2 gms. of meal as in (a), but, after washing, and before transferring 
to the flask, boil well with a little distilled water. Add 5 c.c. of oil, 2 c.c. of water 
and a few drops of chloroform. 

(c) Put the 2 gms. of meal into the flask without treatment and then add 5 c.c. 
of oil, 2 c.c. of water and a few drops of chloroform. 

Tncubate all three flasks for 12 hours, and then titrate with N/10 caustic soda, 
after addition of alcohol as in A. A certain amount of acetic acid is always retained 
by the seed residue, and this is ascertained from the value for flask (b). Flask (<?) 
will act as the control. 

Another question to be considered is the mode of synthesis in the 
plant of the complex fatty acids which form the components of the fats. 
No conclusive work has been done in this direction, but many investi¬ 
gators have held the view that the fats arise from carbohydrates, notably 
the sugars. In fact, it has been shown that in Paeonia and Ricinus, as 
the seeds mature, carbohydrates disappear and fats are formed. 

The sequence of events, however, in the synthesis of fatty acids 
from sugars is very obscure. If we examine the formulae, respectively, 
of a hexose: 

CH 2 OH'CHOH•CHOH* CHOH•CHOH * CHO 
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and. a fatty acid, e.g. myristic acid : 

H a C—CH2 * CH a * CH a ‘ CH a ‘ CH a * CH a * CH a * CH a * CH* * CH a ' CH a ' CH, • COOH 

it is seen that three main changes are concerned in the synthesis of 
such a fatty acid from sugar, i.e. reduction of the hydroxyl groups of the 
sugar, conversion of the aldehyde group into an acid group, and finally 
the condensation or linking together of chains of carbon atoms. An 
interesting fact in connexion with this point is that all naturally occur¬ 
ring fatty acids have a straight, and not a branched, carbon chain. It 
has been suggested (Smedley, etc., 11-13) that acetaldehyde and a 
ketonic acid, pyruvic acid, may be formed from sugar. By condensation 
of aldehyde and acid, another aldehyde is formed with two more carbon 
atoms. By repetition of the process, with final reduction, fatty acids 
with straight chains are produced. 
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CHAPTER VII 


AROMATIC COMPOUNDS AND OXIDIZING ENZYMES' 

The aromatic compounds may be defined as substances containing 
the benzene carbon ring or a similar ring. A very great number occur 
among the higher plants but of these many are restricted in distribution, 
and may only be found in a few genera or even in one genus: others, 
on the other hand, are widely distributed. At present our knowledge of 
the part they play in general plant metabolism is obscure. 

The more widely distributed aromatic plant products may be grouped 
as: 

1. The phenols, and their derivatives. 

2. The aromatic alcohols, aldehydes and acids (including the tan¬ 
nins), and their derivatives. 

3. The tiiavone, flavonol and xanthone pigments, known as the soluble 
yellow colouring matters. 

4 The anthocyan pigments, known as the soluble red, purple and 
blue colouring matters. 

In connexion with the aromatic compounds it should be noted that 
many of them contain hydroxyl groups, and one or more of these groups 
may be replaced by the glucose residue, C 6 H u 0 5 —, with elimination of 
water and the formation of a glucoside, in the way already described 
(see p. 48). The majority of such compounds are sometimes classed 
together as a group—the glucosides—regardless of the special nature of 
the- substance to which the glucose is attached (this course has been 
followed to some extent in Chapter ix with compounds, the chief 
interest of. which lies in their glucosidal nature). In treating of the 
aromatic substances in the following pages, mention will be made when 
they occur as glucosides, this combination being in these cases only a 
subsidiary point in their structure. 

The various groups of aromatic substances will now be considered 
in detail. 

Phenols. 

There are three dihydric phenols, resorcinol, catechol and hydro- 
quinone, but of these only the last is known to exist in the free state in 
plants. The two former frequently occur as constituents of complex 
plant products, and may be obtained on decomposition of such complexes 
by fusion with strong alkali, etc. 
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OH OH OH 

Resorcinol Catechol Hydroquinone 

Hydroquinone has been found in the free state in the leaves and 
flowers of the Cranberry (Vaccinium Vitis-Idaea). As a glucoside, 
known as arbutin, it occurs in many of the Ericaceae (see also p. 151). 

Phloroglncin is the only member of the trihydroxy phenols found 
uncombined in plants. It is very widely distributed in the combined 
state in various complex substances (Waage, 27). 


HO 


f^NoK 


V 


OH 


Phloroglucin 


Aromatic Alcohols and Aldehydes. 

The following are some of the better known compounds of this group: 

Saligenin, or salicylic alcohol, in the form of the glucoside, salicin, 
occurs in the bark of certain species of Willow ( Salix ), and in the 
flower-buds of the Meadow-sweet (Spiraea Dlmaria). Salicin is hydro¬ 
lyzed by an enzyme contained in the plant in which it occurs, into 
saligenin and glucose (see also p. 152). 

ch 2 oh 

rv 

\J 

Saligenin 

Salicylic aldehyde occurs in species of Spiraea and other plants. 

Coniferyl alcohol, as a glucoside, coniferin, is found in various 
conifers and also in Asparagus (Asparagus officinalis). Coniferin is 
hydrolyzed by dilute acids or by enzymes (emulsin) into coniferyl alcohol 
and glucose (see also p. 151). 

CH = CH—ch 2 oh 

A 

vJoch, 

OH 

Coniferyl alcohol 
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Coniferyl alcohol when oxidized yields the aldehyde, vanillin (so 
much used for flavouring), which occurs in the fruits of the Orchid 
( Vanilla planifolia). 


Aromatic Acids. 

Of this group the following are some of the best known representa¬ 
tives : 

Salicylic acid is a monohydroxybenzoic acid. It occurs both in 
the form of esters and in the free state in various plants. 

Protocatechuic acid is a dihydroxyben zoic acid. It has been found 
in the free state in a few plants, but is more widely distributed as a 
constituent of many plant products. As will be shown later it forms 
the basis of one of the series of tannins. 


COOH COOH 


fy 




u 

Salicylic acid 


OH 

Protocatechuic acid 

Gallic acid is a trihydroxy benzoic acid: 




COOH 

A 



HO 

\J OH 

OH 



It occurs free in gall-nuts, in tea, wine, the bark of some trees and 
in various other plants. It forms a constituent of many tannins. It is 
a crystalline substance not very readily soluble in cold but more soluble 
in hot water. In alkaline solution it rapidly absorbs oxygen from the 
air and becomes brown in colour. 

Expt 88. The extraction and reactions of gallic acid. Take 100 gms. of tea, dry 
in a steam oven and grind in a mortar. Put the powder into a flask and cover well 
with ether. The preliminary drying and grinding can be omitted, but if carried out 
will make the extraction more complete. After at least 24 hrs. filter off the extract, 
and either distil or evaporate off the ether. The ether will be coloured deep green 
by the chlorophyll present in the dried leaves, and a green residue will be left. Add 
about 20 c.c. of distilled water to the residue, heat to boiling and filter. Heating 
is necessary because the gallic acid is only sparingly soluble in cold water. Keep the 
residue for Expt. 91. With the filtrate make the following tests; for ( a ), (6) and (c) 
dilute a few drops of the filtrate in a porcelain dish: 

(a) Add a drop of ferric chloride solution. A blue-black coloration is given. 
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(b) Add a drop or two of iodine solution. A transient red colour appears. 

(c) Add a drop or two of lime water. A reddish or blue coloration will be given. 

(i d ) To a few c.c. of the filtrate in a porcelain dish add a little load acetate solu¬ 
tion. A precipitate is formed which turns red on addition of caustic potash solution, 
and dissolves to a red solution with excess of potash. 

(e) To a few c.c. of the filtrate in a test-tube add a little potassium cyanide 
solution. A pink colour appears, but disappears on standing. On shaking with air it 
reappears. 

(/) To a few c.c. of the filtrate in a test-tube add a few drops of 10 M /„ gelatine 
solution. % precipitate is formed. 

(g) To a few c.c. of the filtrate in a test-tube add a little, lead nitrate solution. 
No precipitate is formed. 


Tannins. 

This is a large group of substances, many of which are of complex 
composition. They arise in the plant from simpler compounds, Hindi as 
protocatechuic, gallic and ellagie acids. Their formation takes place in 
various ways, either by condensation, accompanied by elimination of 
water, or by oxidation, or both; there may also be condensation with other 
aromatic complexes. 

The tannins are widely distributed in the higher plants and, although 
no-very systematic investigation has been made, it is obvious that some 
plants are rich in these substances, others poor, and others, again, 
apparently entirely without them. The tannins generally occur in 
solution in the cells of tissues of the root, stein, leaf, fruit, seed and 
flowers: sometimes they are confined to special cells, tannin-sacs, but 
after the death of the cell, the cell-walls of the dead tissue become 
impregnated with the tannin. In tarmin-produeing plants, the tannin 
is generally found throughout the plant, and it probably tends to 
accumulate in permanent or dead tissues, such as the bark (dead cortex 
and cork), woody tissue, underground stems, etc. 

Tannins appear to be more frequent in woody than in herbaceous 
plants, though in the latter they naturally only accumulate in the 
persistent underground stems and root-stocks. In annuals, also, tannins 
seem to be more rare: this may be due to the fact that in a short-lived 
plant, comparatively little tannin is formed and is not so readily detected 
as in the tissues of a perennial. 

In certain plants which are highly tannin-producing and arc also 
woody perennials, the bark becomes very rich in tannins. These barks 

are consequently of considerable commercial importance for tanning of 
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leather. As examples may be taken species of Oaesalpinia , Spanish 
Chestnut ( Castanea ), Eucalyptus , Oak (Quercus), Mangrove ( Rhizophora ), 
Sumac (Rhus). Tannins also occur in quantity in galls, especially on 
species of Quercus. 

As a class, the tannins are non-crystalline and exist in the colloidal 
state in solution. They have a bitter astringent taste. They have 
certain properties and reactions in common, i.e. they precipitate gelatine 
from solution, are themselves precipitated from solution by potassium 
bichromate, and give either blue or green ‘colorations with solutions of 
iron salts. Many tannins occur as glucosides but this is by no means 
always the case. 

It is possible to classify the tannins into two groups according as 
to whether they are complexes derived from protocatechuic acid or gallic 
acid: 

1. The pyrogallol tannins. These give a dark blue colour with 
ferric chloride solution, and no precipitate with bromine water. 

2. The catechol tannins. These give a greenish-black colour with 
iron salts, and a precipitate with bromine water. 

. Expt. 89. Reactions of tannins. Take three oak galls (the brown galls formed by 
species of Gy nips on the Common Oak) and pound them finely in a mortar. Boil up 
the powder well with a small amount of water in an evaporating basin and let stand 
for a short time. Then filter. The filtrate will contain tannin together with 
impurities. Make the following tests with the extract: 

(a) Put 2 c.c. of the tannin extract into a small evaporating dish, dilute with 
water, and add a drop or two of ferric chloride solution. A deep blue-black colour is 
produced. 

(' b ) Put 2 or 3 drops of the tannin extract into a small evaporating dish, and 
dilute with water: add a little dilute ammonia and then a few drops of a dilute 
solution of potassium ferricyanide solution. A red coloration will appear. 

(c) To 5 c.c. of the tannin solution in a test-tube add some strong potassium 
dichromate solution. The tannin will be precipitated. 

(d) To about 5 c.c. of the tannin extract in a test-tube add a little lead acetate 
solution. The tannin will be precipitated. 

(e) Melt a little of a 10 % solution of gelatine by warming gently and then pour 
drop by drop into a test-tube half full of tannin extract. The gelatine will be 
precipitated. 

§ For the above tests, in addition to galls, the bark stripped from two to three year 
d tradgs of Quercm may also be used, and will give the same reactions. The bark 
should be cut into small pieces for extraction. 

It should be noted that although many tannins give the above 
reactions, it does not necessarily follow that all tannins will give all the 
reactions. 
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Expt. 90. To demonstrate the easterns of pgrogatlol and rater hot tannins. The 
existence of a pyrogallol tannin which gives a blue reaction with iron salts has 
been illustrated in the last experiment on the Oak galls and the bark from Oak twigs. 
The bark of the Sumac (/thus Coriaria) and the fruit pericarp, leaves and bark of the 
Sweet Chestnut (Castanea mlgaris) may be used as additional material for pyrogallol 
tannins. 

For an iron-greening tannin strip off the outer bark from two to three year old 
twigs of the Horse Chestnut (Aeseulus Hippocastanam). Cut or tear the bark into 
small pieces and boil well with a little water in an evaporating dish. Filter and test 
the filtrate with ferric chloride solution as in Expt. Hi). A green coloration will be 
given. Iron-greening tannins may also be extracted from the bark of twigs of the 
Walnut (Juglans regia) and of the Larch ( Larin: auropaea). 

In the case of both classes of tannins, in addition to the ferric chloride reaction, 
the tests of Expt. 89 ( c ) and (e) should also be made on the extracts, in order to 
confirm the presence of tannin, since other substances, such as f la vouch, may give a 
green colour with iron salts (see p. 94). 

Some of the individual tannins will now be considered. 

Gallotannic (or tannic) acid is one of the most important of the 
pyrogallol tannins. It occurs in Oak galls and Oak wood, in tea, in the 
Sumac (Rhus Coriaria ), etc. According to recent investigations (Fischer 
and Freudenberg, 8) tannic acid may be regarded as a compound of one 
molecule of glucose with five molecules of digallic acid in which five 
hydroxyls of the sugar are esterified by five molecules of acid : 

CH 2 (0X)*CH(0X)'CH 'CH(OX)*CH(OX) * CH(OX) 

1 0 .... J 

where X = —CO • C 0 H a (OH) s * O * CO * C ( jH 2 (OH) 3 

Tannic acid is an almost colourless amorphous substance*. It hits an 
astringent taste, is soluble in water and alcohol, only slightly soluble in 
ether, and insoluble in chloroform. It is decomposed, by boiling with 
2°/o hydrochloric acid, into gallic acid. 

Expt. 91. Extraction and react ham of tannic (or gallotannic) mid. By a crude 
method a solution of gallotannic acid can l>o obtained from tea. About gms. of the 
residue, after the extraction with ether in Expt 88, is again extracted with ether 
once or twice which will remove all but traces of gallic add. Boil up the residue from 
ether with a little water and filter. With the filtrate make the following tests which 
differentiate between gallic and gallotannic add : 

(a) To about 10 c.c. acid a little 10% gelatine. The gelatine is precipitated. 

(b) To a little of the filtrate add a few drop of lead nitrate solution. The tannic 
acid is precipitated. 

The remaining teste are given in common with gallic acid. If the extract is too 
coloured, dilute with water. 

(e) Dilute a few drops of the filtrate with water in a porcelain dish and add a 
drop of ferric chloride solution. A blue-black colour is given# 
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(d) Dilute a few drops of the filtrate with water in a porcelain dish and add a 
drop or two of iodine solution. A transient red colour is formed. 

{e) To a little of the filtrate in a test-tube add a few drops of potassium cyanide 
solution. A reddish-brown colour is formed which changes to brown but becomes 
red again on shaking with air. 

In addition to tannic acid, a great many other tannins are known, 
but their constitution is obscure. 

Expt. 92. To demonstrate that in tannin-containing plants the tannin may he 
also present in the leaves. Take about two dozen leaves of the Common Oak 
{Quercus Robur) and pound them in a mortar. Then boil the crushed mass in an 
evaporating dish with a little water. Filter, and with the filtrate make the tests for 
tannin. Leaves of other trees also may be used, e.g. the Wig Tree {Rhus Cotinus), 
Sweet Chestnut (Castanea vulgaris). 

Expt. 93. To demonstrate that tannins may he present in herbaceous as well as 
woody plants. Extract some leaves, as in the last experiment, of Scarlet Geranium 
{Pelargonium zonale) and test for tannin. 

Expt. 94. To demonstrate that tannins may he present in petals and fruits , in 
addition to othe?' parts of the plant. Extract and test for tannins as in the last experi¬ 
ment, using petals of Pelargonium zonale, Common Paeony {Paeonia officinalis) or 
Pose (any garden variety), inflorescence of Flowering Currant {Ribes sanguineum) > 
flowers of Horse Chestnut {Aeseulus Hippocastanum) or pericarp of Sweet Chestnut 
{Castanea). 


The Flavone and Flavonol Pigments. 

These yellow colouring matters are very widely distributed in the 
higher plants (Shibata, Nagai and Kishida, 26). They are derived from 
the mother substances, flavone and flavonol, the latter only differing 
from the former in having the hydrogen in the central 7 -pyrone ring 
substituted by hydroxyl: 




CH 


V'-'-co'' 

Flavone 


r Y r 



w 

Flavonol 


^COH 


The naturally occurring pigments, however, have additional hydro¬ 
gen atoms replaced by hydroxyl groups, that is they are hydroxy- 
flavones and flavonols, and the various members differ among each other 
in the number and position of these hydroxyl groups. Some of the 
members are widely distributed, others less so. Quite often more than 
one representative is present in a plant. 
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The flavone and flavonol pigments are yellow crystalline substances, 
and as members of a class they have similar properties. They occur in 
the plant most frequently as glucosides, one or more of the hydroxyl 
groups being replaced by glucose, or, sometimes, by some other hexose, 
or pentose. In the condition of glucosides, they at*e much less coloured 
than in the free state, and, being present in the cell-sap in very dilute 
solution, they do not produce any colour effect, (‘specially in tissues 
containing chlorophyll. Occasionally they give a yellow colour to tissues, 
as in the rather rare case of some yellow flowers {Antirrhinum) where 
colour is due to soluble yellow pigment. 

In the glucosidal state, the flavone and flavonol pigments are, as a 
rule, readily soluble in water and alcohol, but not in ether. In the non- 
glucosidal state they are, as a rule, readily soluble in alcohol, somewhat 
soluble in ether, but soluble with difficulty in water. 

The flavone and flavonol pigments can be easily detected in any 
tissue by the fact that they give an intense yellow colour with alkalies 
(Wheldale, 29). If plant tissues be held over ammonia vapour, they turn 
bright yellow, showing the presence of flavone or flavonol pigments: the 
colour disappears again on neutralization with acids. (The* miction is 
especially well seen in tissues free from chlorophyll, such'as white flowers.) 
This reaction will be found to be almost universal, showing how wide is 
their distribution. With iron salts, solutions of the pigments give* green or 
brown colorations. With lead, insoluble salts are formed. Heveral of 
the members arc powerful yellow dyes, and hence some plants in which 
they occur, such as Ling {Erica cinerea ), Dyers Weld or Rocket ( Reseda 
luteola ), have been used for dyeing purposes. The value id* these? colour¬ 
ing matters as dyes has led to their chemical investigation, and as a 
result the constitution, etc., of the hydroxy-flavones and flavonols is 
well established. 

Expt 95. Dmianstratum of ifm prmmm of flarnmc or flamml pujmenM in tmm$ 
without chlorophyll. Take flowers of any of the undermentioned a|»eaiew and put 

them in a flask with a few drops of ammonia. They will rapidly turn yellow owing 
to the formation of the intensely yellow salt of the flavone or flavonol pigments 
present in the cell-sap. If the flowers are next treated with acid the yellow colour 
will disappear. 

Also make an extract of some of the flowers with a little boiling water. Filter, 
cool and add the following reagents: 

(a) A little alkali. A yellow colour is produced. 

{h) A little ferric chloride solution. Either a green or brown coloration is 
produced. 

(o) A little basic lead acetate solution. A yellow precipitate of the lead salt of 
the flavone er flavonol pigment is formed. 
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The flowers of the following species can be used : Snowdrop ( Qalanthus nivalis ), 
Xarcissus {Narcissus poeticus), white variety of Lilac {Seringa vulgaris), Hawthorn 
{Crataegus Oxyacantha ), White Lily {Lilium candidum ), white var. of Phlox, double 
white Pink, white Stock (. Matthiola ) etc., etc., in fact almost any species with white 
flowers or a white variety. 

Expt. 96. Demonstration of the presence of jiavone or jlavonol pigments in tissues 
containing chlorophyll. Make a hot water extract of the leaves of any of the under¬ 
mentioned species. Make with it the same tests as in the previous experiment. 

The following plants may be used : Snowdrop {Qalanthus nivalis ), Dock {Rumex 
obtusifolius ), Goutweed {Aegopodium Podagraria ), Dandelion {Taraxacum officinale ), 
Violet ( Viola odorata), Ribwort Plantain {Plantago lanceolata ), Elder {Sambucus 
nigra). 

The most important flavone pigments are apigenin, chrysin and 
luteolin. 

Apigenin has not yet been found to be widely distributed. Its 
formula is: 



It occurs in the Parsley (Carum Petroselinum) (Perkin, 18) and in 
the flowers of the ivory-white variety of Snapdragon {Antirrhinum 
majus) (Wheldale and Bassett, 30). 

Expt. 97. Extraction of apiin, the glucodde of apigenin, from the Parsley (Carum 
Petroselinum). Take some Parsley leaves and boil in as little water as possible. 
Filter off the extract and make the following tests for apigenin : 

{a) Add alkali. A lemon yellow coloration is given. 

(b) Add basic lead acetate solution. A lemon yellow precipitate is formed. 

(c) Add ferric chloride solution. A brown colour is produced. 

(d) Add ferrous sulphate solution. A reddish-brown colour is produced. 

Apiin frequently separates out in a gelatinous condition from aqueous 
and dilute alcoholic solutions. 

Chrysin is a flavone occurring in the buds of various species of 
Poplar {Populus). It has the formula: 
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y Lnteolin does not appear to be widely distributed, though possibly 
it occurs in many plants in which it has not yet been demonstrated. Its 
formula is represented as : 



It occurs in the Dyer’s Weld or Wild Mignonette (Reseda luteola) 
(Perkin, 17), Dyer’s Greenweed or Broom (Genista tinctoria) (Perkin, 23) 
and in the yellow variety of flowers of the Snapdragon (Antirrhinum 
majus) (Wheldale and Bassett, 32). It has been much used as a yellow 
dye: hence the names of the first two plants (Perkin and Horsfall, 20). 

The most important flavonol pigments are quercetin, kaempferol, 
myricetin and fisetin. 

Quercetin is apparently one of the most widely distributed of the 
whole group of yellow pigments, and has the formula: 



It occurs, either free, or combined with various sugars (glucose, 
rhamnose) as glucosides, in many plants, as for instance the following: 
in the bark of species of Oak (Quercus), in berries of species of Buck¬ 
thorn (Rhamnus), in flowers of Wallflower (Gheimnthus Ghdri ), Hawthorn 
(Crataegus Oxyacantha) (Perkin and Hummel, 22), Pansy ( Viola tricolor) 
(Perkin, 19) and species of Narcissus: in leaves of Ling (Calluna erica) 
(Perkin, 23), and the outer scale leaves of Onion bulbs (Perkin and 
Hummel, 21). 

Expt. 98. Preparation of a gluconde of quercetin front iVarcmm flowers. The 
species of Narcissus which can be used are N. Tazetta, A. incomparabili*, and any of 
the common yellow trumpet varieties. Pound about 50 flowers in a mortar and then 
extract in a flask with boiling alcohol. Filter off the alcoholic extract and ©mfjorate 
to dryness; then add a little water and ether and transfer the whole to a »e|»rating 
funnel. The ether takes up the plastid pigments, but at the plane of serration of the 
liquids, theglucoside separates out as a crystalline deposit. This can t>e filtered off; 
with a dilute solution in alcohol make the following tests : 

(a) Add a little alkali. The yellow colour is intensified, but the intensification 
disappears on adding acid. 
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(b) Add a little lead acetate solution. An orange precipitate of the lead salt is 
formed. 

(c) Add a little ferric chloride solution. A green coloration is produced. 

(d) Heat some of the alcoholic solution on a water-bath, acidify with strong 
hydrochloric acid and add zinc dust. A magenta colour is produced (see p. 106). 

Expt. 99. Preparation of crude quercetin from Onion skins (Perkin, 21). Take 
about 50 gms. of the brown outer skins of onions and boil with 900 c.c. of water for 
an hour. Then filter and allow the filtrate to stand for 24 hrs. A brownish-yellow 
deposit is formed which is crude quercetin. Filter this off and dissolve in 75% 
alcohol and allow to evaporate slowly. Quercetin will be deposited. With a solution 
in dilute alcohol make the same tests as in the last experiment. 

Expt. 100. Preparation of a quercetin glucoside from Wallflower (Cheifranthus 
Cheiri) flowers ( Perkin and Hummel, 22). Take 20 gms. of petals of flowers of either 
the brown or yellow variety and drop them into boiling alcohol in a flask. Filter and 
evaporate the extract to dryness on a water-bath. Dissolve the residue in water and 
add ether. In the case of the yellow variety the yellow plastid pigments are taken 
up by the ether, and the quercetin glucoside partly crystallizes out from the water 
as in Expt. 98. In the case of the brown variety both quercetin glucoside and 
anthocyan pigment are present as well as plastid pigments. The two former go into 
solution in the water and the glucoside in time crystallizes out. In either case the 
glucoside can be filtered off and tested as in the previous experiment. A positive 
result will be given in each case. 


iZ' Kaempferol occurs in the flowers of a species of Larkspur ( Delphi¬ 
nium consolida) (Perkin and Wilkinson, 25) and Prunus (Perkin and 
Phipps, 24) and in the leaves or flowers of several other plants. It has 
the formula: 


HO 
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\/ Myrieetin and fisetin are two other flavones which have been found 
in species of Sumac (Rhus) and other plants. They have respectively 
the formulae: 
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The Anthocyan Pigments. 

These pigments are the substances to which practically all the blue, 
purple and red colours of flowers, fruits, leaves and stems are due 
{Wheldale, 3). They occur in solution in the cell-sap and are very 
widely distributed, it being the exception to find a plant in which they 
are not produced. As members of a group, they have similar properties, 
but differ somewhat among themselves, the relationships between them 
being much the same as those between the various flavone and flavonol 
pigments. They occur in solution in the cell-sap but occasionally they 
crystallize out in the cell. They are present in the plant in the form of 
glucosides, and in this condition they are known as anthocyanins ; as 
glucosides they are readily soluble in water and as a rule in alcohol 
[except blue Columbine ( Aquilegia ), Cornflower (Centaur ea Cyanus) and 
some others] but are insoluble in ether and chloroform. The glucosides 
are hydrolyzed by boiling with dilute acids, and the resulting products, 
which are non-glucosidal, are termed anthocyunidins (Willstatter and 
Everest, 35). The latter, in the form of chlorides, are insoluble in ether, 
but are generally soluble in water and alcohol. The anthocyanins can 
be distinguished from the anthocyanidins in solution by the addition of 
amyl alcohol after acidification with sulphuric acid. The anthocyanidins 
pass over into the amyl alcohol, the anthocyanins do not. The antho¬ 
cyanins and anthocyanidins themselves (with one exception) have not 
yet been crystallized, but of both classes crystalline derivatives with 
acids have been obtained (Willstatter and Everest, 35). 

In considering the reactions of anthocyan pigments the difference 
between those given by crude extracts and those of the. isolated and 
purified substances must be borne in mind. With acids the anthocyan 
pigments give a red colour: with alkalies they give, as a rule, a blue or 
violet colour when pure, but if flavone or flavonol pigments are present 
(as may be the case in a crude extract) they give a green colour, due to 
mixture of blue and yellow. In solution in neutral alcohol and water 
many anthocyan pigments lose colour, and this is said to be due to the 
conversion of the pigment into a colourless isomer which also gives a 
yellow colour with alkalies (Willstatter and Everest, 35); hence even a 
solution of a pure anthocyan pigment may give a green coloration with 
alkali due to mixture of blue and yellow. The isomerization can be 
prevented or lessened by addition of acids or of neutral salts which form 
protective addition compounds with the pigment. With lead acetate 
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anthocyan pigments give insoluble lead salts, blue if the pigment is 
pure, or green, as in the case of alkalies, if it is mixed with flavone or 
flavonol pigments, or the colourless isomer. 

When anthocyan pigments are treated with nascent hydrogen, the 
colour disappears but returns again on exposure to air. It is not known 
what reaction takes place. 

Ex'pt. 101. The reactions of anthocyanins and anthocyanidins. Extract petals of 
the plants mentioned below with boiling alcohol in a flask. Note that the anthocyan 
colour may disappear in the alcoholic extract. Filter off some of the alcoholic extract 
and make the following tests (a) and (b) with it : 

(a) Add a little acid and note the bright red colour. 

(b) Add a little alkali and note the green colour. 

The decolorized petals, after filtering off the extract, should be warmed with a 
little water in an evaporating dish. The colour is brought back if pigment is still 
retained by them. 

Evaporate the remainder of the alcoholic extract to dryness and note that the 
anthocyan colour returns. Dissolve the residue in water and continue the following 
tests, taking a little of the solution in each case : 

(c) Add ether and shake. The anthocyan pigment is not soluble in ether. 

(d) Add acid. A bright red colour is produced. 

(e) Add alkali. A bluish-green or green colour is produced which may pass to 
yellow. 

(/) Add basic or normal lead acetate solution. A bluish-green or green precipitate 
is produced. 

(g) Add a little sulphuric acid and then amyl alcohol and shake : the latter does 
not take up any of the red colour, indicating that the pigment is in the anthocyanin 
(glucosidal) state. 

(h) Heat a little of the solution on a water-bath with dilute sulphuric acid and 
then cool and add amyl alcohol. The colour will pass into the amyl alcohol, indicating 
that the pigment is now in the anthocyan id in (non-glucosidal) state. 

(i) Acidify a little of the solution with hydrochloric acid and add small quantities 
of zinc dust. The colour disappears. Filter off the solution and note that the colour 
rapidly returns again. 

For the above reactions it is suggested that the following flowers be used as 
material: magenta Snapdragon ( Antirrhinum majus), brown Wallflower (Cheiranthus 
Chciri ), crimson Paeony (Paeonia officinalis), magenta “ Cabbage ” Rose, Violet 
( Viola odorata), but the majority of coloured flowers will serve equally well. 

Though the above represent the reactions and solubilities given by 
the greater number of'anthocyan pigments, it will be found that all are 
not alike in these respects. 

Expt 102. Demonstration that anthocyanins may be insoluble in alcohol but soluble 
in water. Extract petals of any of the species mentioned below with boiling alcohol 
and note that they do not lose their colour. It will be found that the pigments are 
either completely or largely insoluble in alcohol, but are soluble in water. Test the 
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water extract as in Expt. 101 (c)~(a). Also take equal quantities of tin*, water extract 
in two evaporating dishes. To one add sodium chloride. Note (as mentioned above, 
see p. 98) that the colour fades less rapidly from the extract containing the salt. The 
flowers of the following species can he used : blue Larkspur (Delphinium), Cornflower 
(■Centanrea Ogam f a), blue Columbine (A<[idlegia). 

There is a small group of plants belonging to some allied natural 
orders, of which the anthocyan pigments give ehemieal reactions still 
more, different from the general type already described, though they 
nevertheless resemble each other. Such, for instances an* the pigments 
of various genera of the* (-henopodiaeeae [Beet (Beta), ()rache (A triple#)], 
Arnarantaceae (Amaranthas and other genera), Phytolaceaceae (Phyto¬ 
lacca) and Portulacaeeae (Portulaca). These anthocyan pigments are 
insoluble in alcohol but soluble in water: they give a violet colour with 
acids, red to yellow with alkalies, and a red precipitate with basic lead 
acetate. 

Expt 103. Reaction* of the Beet-root (Beta vulgaris) pi*/went. Take some Beet¬ 
root leaves, tear them into small pieces and put them into alcohol. Allow the leaven 
to stand for some time and note that the chlorophyll is extracted but the ml pigment 
is insoluble. Then pour off the alcohol and add water: the red pigment goes into 
solution. Filter off the solution and make the following tests : 

(a) Add acid. The pigment turns violet. 

(h) Add alkali. The pigment becomes redder and finally turns yellow. 

(c) Add basic; lead acetate*-. A red precipitate is formed. 

(d) Acidify with hydrochloric acid and add zinc dust. The colour dimppcitrw, but 
on filtering off from the zinc it does not return again. 

Anthocyan pigments may also occur in leaves, ami this is very obvious 
in red-leaved varieties of various species such as the Cop|>er Beech, the 
Red-leaved Hazel, etc. 

Expt 104. Extraction of anthoeapm pigment from the Mmidmrml HawL Extract 
some loaves of the Blood Hazel (Oorglm A rdlana var. rulmt) with alcohol. Filter off 
and evaporate the solution to dryness. Add water. Pour a little of the crude mixture 
in the dish into a test-tube and add ether. There will lie a »fMiration Into a groan 
ethereal layer containing chlorophyll, and a lower water layer containing anthocyan 
pigment. Filter the extract remaining in the dish and with the filtrate make the 
tests already given in Expt. 101 (c) ~(i). 

The leaves of the Copper Beech (Fagm eplmtim var. purpurea) tmi also bo tiffed. 

In many flowers, the cells of the corolla may contain yellow plastid 
(see p. 89) in addition to anthocyan pigments. The colour of the petals 
is in these cases the result of the combination of the,two, arid is usually 
some shade of brown, crimson or orange-red, as in the brown-flowered 

variety of Wallflower (Gtmmnthm Chmri). 
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Expt. 105. Demonstration. of the presence of anthoeyan and plastid pigments 
together in petal a (see. a/m Expt. loo). Extract jmtalK of t Ik* brown-flowered variety of 
Wallflower with alcohol. Filter, and evaporate the extract to dryness. Take up 
with water and add ether. Four the mixture into a .separating funnel. The plants! 
pigment will pass into .solution in the ether, and the nnthoeyan pigment will remain 
in the water. Tent the aqueous Holution an in Kxpt. 101 (e) (iX 

The following may l*o uhimI an material: ray florets of bronzes or eriniHon Chrys* 
anlhemum, ray florets of (Jaillurdiu, and < aange-red flowers < >f Nasturtium ( Tropawlu/n 
nut jus). 


Anfchoeyanins and anthoeyan id ins have beam isolated from various 
species. The pigments themselves with one exception have not been 
obtained in the crystalline state, hut crystalline compounds with acids 
have been prepared both of the glucosidal ami non-glucosidal forma 
All tin; pigments so far described appear to be derived from three; 
fundamental compounds, pelargonidin, cyanidin and delphinidin, of 
which the chlorides are represented thus: 




I hdpliinidiit chloride 


It has boon suggested, at least in the case of cyanidin, the pigment 
of the Cornflower (Oertkmrea Ct/amw% that the pigment itself is a neutral 
substance, purple in colour and of the following structure (WillsUittor, 

33 , 30 ): 
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Further, that the blue pigment of the flower is the 4 potassium salt 
of the purple, and the red acid salt, cyanidin chloride*, depicted above, is 
a so-called oxonium compound of the purple. 

Pelargonidin, moreover, has been prepared synthetically ’(Wiilstaftcr 
and Zechmeister, 45). 

The above three pigments, Other as glucosides or in the form of 
methylated derivatives, are found in a number of plants which are listed 
below (Willstatter, etc., 33 46). The sugar residues or methyl groups 
may, of course, occupy different positions, thus giving rise to isomers: 


(Jallistephin 

•Pelargonin 


Pelargonidin. fV 'h 

Monoglucoside of pelargonidin Flowers of Aster 

Diglucoside of pelargonidin Flowers of Scarlet (Scran in in (J^iarijonima 

2onutf), pink viir. of < *«>rnflowi*r (O/fiaurea 
Cyamui) and certain vara. of Dahlia (/>. 
i mriahilk) 


A storm 

Chrysanthemin 

Idaem 

(Jyanin 


Mokocyanin 

Keracyanin 

Peonin 


(fyanidin. 


Monoglucoside of cyanidin 
Monogluconide of cyanidin 
Monogalactosido of cyanidin 
Diglucoside of cyanidin 

Diglucoside of cyanidin 
Rhamnogluecmide of cyanidin 
Diglucoside of jmonidin (cyanidin 
monoethyl ether) 


Flowers of Aster UintlUUphm ahitmmh) 
Flowers of Chrysanthemum (P, indimm) 
Fruit of (VanlwTry ( Vmrimmm 
Flowers of Cornflower (('tmtnitrw Cyanu*\ 
Rom ijaltim and certain vara, of Dahlia 
(/), mriahitm) 

Flowers of Poppy (Pitpwmr Ilkmas) 

Fruit of Cherry ( l*nmm ('mmw) 

Flowers of Paeony (Pommiu affitijialw) 


Yiolanin 

Delphinin 

Ampelopsin 

Myrtillin 

Aithaein 

Pctunin 

Malvin 

Oenin 


Dolphin id in. 


lihamnoglueoside of dolphinidin 
Diglucoside of delphimdin 4* 
//-hydroxybermne acid 
Monoglucoside of ampelopsidin 
(delphinidin monomethyl other) 
Monogalactosido of myrtillidin 
(dolphinidin monomethyl ether) 
Monoglucoside of myrtillidin 

Digiuconide of }>etunidm (delphi- 
mdin monomethyl ether) 
Diglucoside of malviditt (delphi- 
nldin dimethyl ether) 
Monoglucoside of oenidin (delphi- 
nidin dimethyl ether) 


Flowers of Pansy (VMn triadar) . 

Flowers of larkspur (IhipAinimm mmolida) 

Fruit of Virginian Cfcwjwr {Ampdap$m qwm - 

qwjolia) 

Fruit of Bitlxtrry ( Vimmnmm MptUilm) 

Flowers of deep purple var. of Hollyhock 
(.Althma nma) 

Flowers of Petunia (P, iMamm) 

Flowers of Mallow {Malm sglmMm) 

Fruit of Grape (Vitu nttifitm) 
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Of the methylated compounds, myrtillidin and oenidin may be re¬ 
presented thus: 

Cl 

,-'0 x jT m 
HOp' N f ' X C 



rOH 

VOH 

a)H 


Cl 


c —OCH,, 


H 

Myrtillidin 



Ex.pt. 108. and roaotionn of pdangouin chloride.. Extract the flowers 

from two or throe large bosses of the Scarlet, (Jenin i uni (Pd<mjotdimh zoymlv) in a 
flask wit h hot alcohol. Filtered!' and concentrate on a water-bath. Then pour the 
hot concentrated .solution into about half its volumes of strong hydrochloric, acid. On 
cooling, a crystalline, precipitate of pelargonin chloride separates out. Examine under 
the, microscope and note that it consists of sheaves and rosettes of needles. Filter 
off the crystals, take up in water and make the following experiments with the 
solution : 

(a) Add alkali. A deep blue,-violet colour In produced. 

(fn Take two equal quantities of solution in two evaporating dishes. To one mid 
as quickly as pissihle some solid sodium chloride. The colour in the solution without 
salt will rapidly fade owing to the formation of the colourless isomer in neutral 
solution: this change is prevents! to a considerable extent in the solution containing 
salt owing to the formation of an addition compound of the pelargonin with the 
sodium chloride which prevents isomerisation (see p, 98). To jwrtions of the water 
solution (without sodium chloride) which has lost its colour add respectively acid 
and alkali. The red colour returns with add owing to the formation of the red add 
oxonium salt; with alkali a gnomish-yellow colour will l>o produced due to the 
formation of the? salt, of the colourless isomer. If alkali is added to the portion of the 
pigment solution containing the sodium chloride, it will Ikj found that it still gives 
a violet colour, 

(c) Add sulphuric mid and amyl alcohol. The alcohol does not take up the 
colour. Add amyl alcohol after acidifying another portion of the solution with 
sulphuric add and heating on a water-bath. The alcohol now abstracts some of the 
colour. This shown that, the glueoside pelargonin exists in the first case, but is 
decomposed into the tion-glueosidal |dargotddin after heating with acid. 

{&) Acidify with hydrochloric acid and add due dust: the colour disappaam and 
returns again after filtering, 

Expt 107. PmpamUtm of dm met its add mdt of pditcfpmm. Make an alcoholic 
extract of patois as in Expt 100. Evaporate down and jmur into glacial acetic acid 
instead of hydrochloric add. The crystals of the salt formed are smaller and more 
jHirple In colour than those of the chloride, 

Bxpt 108. PmparatPm and rmteimm of crude fmmin MorkU. Extract the petals 
of one or two flowers of the Crimson Paoony (Pmovda officinalis) with 95-08% 
alcohol. Filter and evaporate nearly to dryness, Then add acme methyl alcohol and 
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pour into a little strong hydrochloric acid. Then add ether to the mixture in a 
separating funnel. A crude precipitate of peonin chloride will separate out after a 
time, which may be more or less crystalline. Filter off this precipitate, take up in 
water and make the following experiments: 

(a) Take two equal quantities of the solution in two evaporating dishes. To one 
add solid sodium chloride as in Expt. 106 (b). Then neutralize both portions carefully 
with very dilute sodium carbonate solution until the colour changes slightly to 
purple. The colour will fade more rapidly in the solution without sodium chloride 
on account of the formation of a colourless isomer, as in the case of pelargonin 
chloride. The water solution after standing will give a green colour with alkali owing 
to admixture with the yellow salt of the isomer. 

(b) Add alkali. A deep blue colour is produced. A crude extract of the fresh 
petals made as in Expt. 101 will give a green or bluish-green colour with alkali owing 
to the presence of the accompanying flavone. 

(c) Add amyl alcohol and sulphuric acid. No colour is taken up by alcohol. The 
pigment is present as the glucoside peonin. Boil another portion with sulphuric 
acid and add amyl alcohol. The pigment is partly hydrolyzed and the peonidin goes 
into solution in the alcohol. 

(d) Reduce another portion with zinc dust and hydrochloric acid: The colour 
returns after filtering. 

In considering the anthocyan pigments, the question now arises— 
What is the chemical significance of the various shades in the living , 
plant ? Apparently the same pigment may be present in two flowers 
of totally different colours, as in the blue Cornflower and the magenta 
Rosa gallica. It has been suggested that in such cases the pigment is 
modified by other substances present in the cell-sap: thus it may he 
present in one flower as a potassium salt, in another as an oxonium salt 
of an organic acid, and in a third in the unaltered condition. But exactly 
how these conditions are brought about is not clear. In one or two 
cases, moreover, where there is a red or pink variety of a blue or purple 
flower, the variety, when examined, has been found to contain a different 
pigment and one less highly oxidized than that in the species itself. 
The above phenomena are exemplified in the Cornflower (Centaurea 
Cyanus). The flowers of the blue type contain the potassium salt off 
cyanin, the purple variety, cyanin itself, while those of the pink variety | 
contain pelargonin. 

^he mode of origin of anthocyan pigments in the plant is as yet 
obscure. It has been suggested (Wheldale, 29) that they have an 
intimate connexion with the flavone and flavonol pigments, which can 
be seen at once by comparing the structural formula of quercetin with 
that suggested for cyanidin: 








OXIDIZING ENZYMES 


105 


■VII] 


HO 


A 

/°V # 

\ c 

1! ,.. 

OH 

/ 

o 

o 

1 

o 

x i 

I 

Quercetin 


OH 

% 

>OH 



All fctm anthocyan pigments so far isolated, however, have been 
found to contain tin* flavonol, and not the flavone, nucleus. 

Just as in the case of the flavone and flavonol pigments, some of 
the 4 anthocyan pigments are specific, while others, on the contrary, are 
common to various genera and species. Also more than one anthocyan 
pigment may he present in the same plant. 

It will he punted out later that small amounts of a substance iden¬ 
tical with cyanidin are said to be formed by reduction of quercetin with 
nascent hydrogen, but this does not necessarily prove that the formation 
of anthocyan pigments in the plant takes place on the same linos. If 
we compare the formulae for a number of anthocyan with flavone and 
flavored pigments, it is seen that they may be respectively arranged in 
a series, each member of which differs from the next by the addition of 
an atom of oxygen : 

Luteolin, kaempferol and fisctin C w Mj ( ,() fi Pelargonidin (Ji fl H w O* 

Q uerct ‘tin C W H m l > 7 Cyan id i n C w H 10 O 0 

Myricetin (JwH^Og Delphinidin C 1B H, 0 O 7 

The relationship between these two classes of substances in the 
plant can only be ascertained by discovering which flavone, flavonol and 
anthocyan pigments are present together, and then to determine whether 
the relationship is one of oxidation or reduction, a problem which has 
not yet received adequate attention (Everest, 6). 

A reaction which is of interest in connexion with the relationship 
between the above two classes of pigments is that which takes place 
when solutions of some flavone or flavonol pigments are treated with 
nascent hydrogen* If an acid alcoholic solution of quercetin is treated 
with rinc dust, MAgnesium ribbon or sodium amalgam, a brilliant magenta 
or crimson solution is produced, and this solution gives a green colour 
with alkalies (Combes, 5). The red substance thus produced has been 
termed ** artificial anthocyanin ” or allocyanidim The product is not a 
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true anthocyan pigment but has, it is suggested, an open formation 
(Willstatter, 36): 



It is said, however, to contain small quantities of a substance iden¬ 
tical with natural cyanidin from the Cornflower (Willstatter, 36). The 
fact that small quantities of a natural anthocyan pigment can be obtained 
artificially from a hydroxyflavonol by reduction does not necessarily imply 
that one class is derived from the other in the living plant. 

From the above reaction of quercetin the result follows that when 
many plant extracts [most plants (see p. 94) contain flavone or flavonol 
pigments] are treated with nascent hydrogen, artificial anthocyan pig¬ 
ment is produced. Moreover, it seems probable that if the yellow 
pigments acted upon are in the glucosidal state, and if the reduction 
takes place in the cold, allocyanin (the glucoside of allocyanidin) is 
formed and the product is not extracted from solution by amyl alcohol. 
But if the flavone is non-glucosidal, or if the solution is boiled before or 
after reduction, then allocyanidin (non-glucosidal) is formed and is 
extracted by amyl alcohol. 

Expt. 109. Formation of allocyanidin from quercetin. Make an alcoholic solution 
of a little of the glucoside of quercetin prepared from either Narcissus or Cheiranthu* 
(see Expts. 98 and 100). Acidify with a little strong hydrochloric acid and heat on a 
water-bath. Add a little zinc dust from time to time. A brilliant magenta colour 
due to allocyanidin is produced. To a little of this solution add some alkali: a green 
colour is produced. If the alcohol and hydrochloric acid are evaporated off, and a 
little water and sulphuric acid added, on shaking up with amyl alcohol, all the 
allocyanidin passes into the amyl alcohol. (The distribution of the allocyanidin in 
the amyl alcohol is greater with aqueous • sulphuric acid than with aqueous hydro¬ 
chloric acid.) 

Expt. 110. Formation of allocyanin from quercetin. Make a suspension of the 
glucoside of quercetin from Cheiranthus or Narcissus (see Expts. 98 and 100) in about 2N 
sulphuric acid, and then add zinc dust (or a drop of mercury about the size of a pea 
and a little magnesium powder) in the cold. The red or magenta colour is gradually 
developed. Divide the coloured solution into two parts in two test-tubes. Boil one 
for 5-10 minutes. Then add amyl alcohol to each. In the unboiled test-tube the 
amyl alcohol extracts no colour, since allocyanin is present. In the boiled test-tube 
allocyanidin is taken up by the amyl alcohol as in Expt. 109. 
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Expt. ill. Formation of afloaponin ami all o< a fa n id in from plant aMractx. fa >r this 
purpose the yellow varieties “Primrose” or “(’loth of (told” of the Wall I lower 
(Chairanthus Chairi) am ho used. The flowers are pounded in a mortar, extracted 
with cold water, the water extract acidified with sulphuric: acid, and zinc dust tor 
mercury and magnesium powder as above*) added. A red coloration is slowly 
developed. To some of the red solution add amyl alcohol. The colour is not, 
abstracted (alloeyunin i. Itoii another portion. The allocyanin is thus converted into 
allocyanidin which is then taken upon addition of amyl alcohol. 


The Oxiihzinu Knzvmks. 

Then* in a certain group of enzymes of which wo have most informa¬ 
tion in their connexion with aromatic substances. These are. the oxi¬ 
dizing enzymes. 

The presence of such enzymes in plants was long ago associated with 
the following phenomena. If the expressed juices, or wafer extracts of 
the tissues, of some plants are added to a solution of guaiaeum gum, in 
the presence of air, a deep blue colour is obtained in a short time. On 
the other hand, expressed juices, or water extracts, of other plants added 
to guaiaeum solution produce no blue colour. On addition, however, of 
a few (Imps of hydrogen peroxide, in the latter case, the blue colour 
rapidly develops. Plants are said to contain an oxidase when the extracts 
give the blue colour with guaiaeum tincture alone. ‘ Those, of which the, 
extracts only bring about blueing on addition of hydrogen peroxide, are 
said to con tain a peroxidase (Chodafc, I). 

Expt. I \ k i, Dmnmmlmtmn of thn prmmm of an a&Mma. Take a portion of a fresh 
Potato tutor and }xmnd well in a mortar with a little water. Filter, and to the 
extract, in a white evaporating dish, mid a few drops of l % guaiaeum solution in 
alcohol. The guaiaeum tincture will be found to give a blue colour at once with the 
jKitato extract. 

A control tube should to prejmred by umll tailing some of the water extract of 
the tuber, cooling and then adding guaiaeum. No colour is produced, owing to the 
fact that the enzyme Inis tmm destroyed by boiling. Other tissues which may l>e 
used to demonstrato the abovo reactions are : root of beet and fruits of apple, pear 
arid plum. 

(luai&cum gum is obtained from two West Indian species of Guaiaeum trees, 
G» tpjkmaln and (J. fsurfciy m a natural exudation and partly by means of 

incisions. It gives a yellow solution with alcohol which contains guaiaoonie acid, 
and the latter, on oxidation, yields guaiaeum blue. As far as possible, inner portions 
of the resin lumps should lie used, as the renin oxidises in air, arid then may give 
unreliable results. It is best to make the tincture freshly before nm ? and, m a 
precaution, to boil it on a water-bath with a little animal charcoal and filter. 
Quaiacum gum toads to form poroxidafton exposure to air, and these are removed by 
the above treatment. 
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Expt. 113 . Demonstration of the presence of a peroxidase. Repeat the above 
experiment, using* scales from an Onion bulb. Add a few drops of hydrogen peroxide 
solution. Green pea tissue may also be used. No blue colour is produced until after 
the addition of hydrogen peroxide. 

If a systematic examination is made of genera from various natural 
orders with the guaiaemn test, it will be found that the oxidase reaction 
is shown by all, or nearly all, genera of some orders, for instance most Um- 
belliferae, Labiatae, Boraginaceae and many Compositae. In other orders, 
i.e. Cruciferae and Crassulaceae, the peroxidase reaction is predominant. 

Moreover, the oxidase-containing genera show another phenomenon, 
as follows. If the tissue extracts are left in air, they become dark-* 
coloured, generally brown or reddish-brown. If the* plants themselves 
are bruised or injured, they turn brown. The same effect may be pro¬ 
duced very rapidly by the action ofehloroform vapour. These phenomena, 
the darkening of extracts and the discoloration, both on injury and in 
chloroform, will he found to bo absent from plants giving the peroxidase 
reaction only. 

Expt. 114 . To show the distribution of oxidases and peroxidases in various plants, 
and the correlation between the presenee of oxidase. and brooming on injury or in 
chloroform vapour. Take a selection of the plants given below, ami in each ame grind 
up a portion of the plant in a mortar with a little water and filter. Divide the 
filtrate into two parts in small porcelain dishes. Allow one part to stand in air, and 
note the darkening in colour in cases where an oxidase is present. To the oilier mid 
a few drops of guaiaeum. To extracts containing a ]ieroxidii.se only, after 5 10 
minutes, add in addition a few drops of hydrogen i>eroxide. Further, small pieces 
of the plants to he tested should be placed in a corked flask containing a few drops 
of chloroform, and the development of browning noted in the ease of plants contain¬ 
ing an oxidase. For demonstration of oxidases the following plants may \m used : 
(Christmas Rose (Hdleborus niger ), Dandelion (Taraxacum officinale). Forget-me-not 
(.Myosotis ), Hawthorn ( Crataegus) and White Dead Nettle (Lamium album). For 
peroxidases: Arabu, Auhrwtia , Buttercup (Ranunculus aark), Pea (Visarti stitimm) y 
Stock ( Mattkiola ), Wallflower (Chmmnthm Chain) and Violet ( Viola). 

Various hypotheses have been suggested in explanation of the re¬ 
actions of oxidizing enzymes. The on© most generally accept**! (Chodat, 
1) is that the oxidase consists of two components, a peroxide and a 
peroxidase. The peroxide may bo either hydrogen peroxide or some 
organic peroxide. The peroxidase acts upon the peroxide, depriving it 
of an atom of oxygen which is transferred, in an “ active ” condition, to 
some substance (acceptor) which becomes oxidized. Oimiacum is the 
acceptor in the above experiments. The reaction may be approximately 
expressed thus: 


% AO+0 2 =s 2 AOjj (peroxide). 
AOjg 4* peroxidase *A0 + O. 
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The above conception would represent a system which is capable of 
absorbing molecular oxygen and of transforming it into active oxygen. 
In this way substances can be oxidized which would not be affected 
by molecular oxygen to any extent. 

Accordingly, on the basis of the above hypothesis, it is assumed that- 
an organic compound which can act as a peroxide is present in the 
expressed plant juices or extracts which give the oxidase reaction. When 
this organic peroxide is absent, hydrogen peroxide must be added to 
complete the oxidase system. 

The above definition of oxidases and peroxidases is based upon their 
behaviour towards guaiacum. There are, however, a number of other 
oxidizable substances, such as a-naphthol, benzidine, j 9 -phenylenecliamine^ 
pyrogallol, etc.: 



OH nh 2 

a-Naphthol Benzidine p - Pheny lenediam ine 

which are only oxidized by oxidases with the assistance of hydrogen 
peroxide, the oxidase system being insufficient; they are also of course 
oxidized by the hydrogen-peroxide-peroxidase system. Such substances 
(in the presence of hydrogen peroxide) are used as tests for oxidizing 
enzymes. 

Expt. 115. Additional tests for oxidizing enzymes . To a few c.c. of an extract of 
Potato tuber (Expt. 112) in a small evaporating dish, add a few drops of the following 
reagents, and subsequently a few drops of hydrogen peroxide : 

(a) A 1 % solution of a-naphthol in 50 % alcohol. A lilac colour is developed. 

(b) A 1 % solution of benzidine in 50 % alcohol. A blue colour is developed. 

(c) A 1 % solution of jp-phenylenediamine hydrochloride in water. A greenish 
colour is developed. 

The peroxidases, like other enzymes, can be extracted either with 
water or dilute alcohol and precipitated from solution by strong alcohol. 

Expt. 116. Preparation of peroxidase from Horse-radish (Cochlearia) roots. Mince 
up the Horse-radish roots in a mincing machine. The product is allowed to stand for 
24 hrs. to enable the glucoside, potassium myronate, to be hydrolyzed by the enzyme, 
myrosin. Then extract with 80% alcohol. The alcohol is decanted off, and the 
residue pressed free from alcohol in a press. The residue is next extracted with 40 % 
alcohol for 48 hrs., filtered and precipitated with 90% alcohol. The precipitate, 
which contains the peroxidase, is filtered off. Dissolve up in water and make the. 
test for peroxidases (Expt. 113). 
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The oxidation of pyrogallol, in the presence of a peroxidase and 
hydrogen peroxide, has been used as a method for estimating the activity 
of these enzymes. Solutions of known strength of pyrogallol and hydro¬ 
gen peroxide are used, and to the mixture a solution of a known weight 
of prepared peroxidase is added. An oxidation product, termed purpuro- 
gallin, is formed. After a definite time, the reaction is stopped by 
adding acid, and the purpurogallin extracted by ether. The ether 
extract is colorimetrically compared with an extract containing a known 
amount of purpurogallin (Willstatter and Stoll, 47). 

Expt. 117. Outline of method for estimating peroxidase by formation of purpuro¬ 
gallin. Make a solution of 0*5 gm. of pyrogallol in 200 c.c. of distilled water, and 
add to it 1 c.c. of 5 % hydrogen peroxide. Then add about 5 c.c. of a solution of 
Horse-radish peroxidase from Expt. 116. After 5 minutes add to half the mixture 
25 c.c. of dilute sulphuric acid and extract the purpurogallin with ether in a 
separating funnel. The purpurogallin will be extracted by the ether, giving a yellow 
solution. Allow the other half of the mixture to stand. The colour will deepen, and 
a reddish deposit of purpurogallin will be precipitated. Examine a little of the 
deposit under the microscope. It will he found to consist of sheaves of crystals. 

A solution of peroxidase from Alyssum leaves [Expt. 119 (&)] can also be used. 

It has recently been shown (Wheldale Onslow, 11) that the per¬ 
oxidase element (Expt. 118) of certain oxidases (fruit of Pear, tuber of 
Potato) can directly oxidize the phenol catechol (see p. 88), as well 
as other substances containing the catechol grouping, that is two 
hydroxyl groups in the ortho position, e.g. protocatechuic acid and caffeic 
acid: 

COOH CH=CH * COOH 



OH OH OH 

Catechol Protocatechuic acid Caffeic acid 


A brown colour is produced, giving rise to some oxidation product 
which will then act as a peroxide, the peroxidase being present, to form 
the system (oxidase) which will blue guaiacum. 

It appears probable that the above phenomenon, as illustrated in 
the Pear and Potato, affords an explanation of the reaction of the oxidiz¬ 
ing enzymes of all plants which give the oxidase reaction and turn brown 
on injury. For such plants usually contain an aromatic substance 
with the catechol grouping. On the death of the cell (which may be 
brought about, either by injury, or treatment with chloroform vapour, 
ie. on autolysis, see p. 19) this aromatic substance is oxidized by the 
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peroxidase with tin* formation of a brown colour (browning on injury) 
and an oxidation product which then acts as an organic peroxide (as 
postulated above) in the oxidase system. 

Further, the peroxidases, of plants which give the oxidase reaction 
and brown on injury, appear to be specific in their action on the 
catechol grouping and will not oxidize other phenolic groupings, I.e. 
those of resorcinol, hydnxjuinone, pyrogallol, etc. 

In plants (e.g. A li/smm ) which only give the peroxidase reaction and 
do not brown on injury, the above-mentioned aromatic (tompounds are 
not present, nor do the peroxidases of such plants act on catechol. 

It should, however, be borne in mind that in some plants the com¬ 
ponents of the oxidase system may be present, but the reaction is masked 
by the presence of an excess of tannin, sugars, etc. 

Hence it appears that the oxidase reaction of plants (as detected by 
guaiaeum) is tin* outcome of post-mortem changes after the death of 
the cell It is possible, however, that the processes giving rise to it 
may take place to some extent, though under control, in the living cell. 

It has also been shown that in the Pear fruit and Potato tuber 
(Wheldale Onslow, II) it is possible by chemical methods to separate 
the elements which go to make up the oxidase system, i.e. tint peroxidase 
and the aromatic substance. If the tissues are ground up rapidly with 
alcohol, and filtered before oxidation can take place, and the process 
repeated, the aromatic substance, which is soluble in alcohol, is washed 
away, and a water extract of the residue gives only a peroxidase reaction, 
from the alcoholic extract the aromatic substance can be precipitated 
as a lead salt, the lend then removed m insoluble lead sulphate, and the 
aromatic set free again in solution. If the peroxidase is then added to 
the solution of the aromatic, the brown colour appears together with the 
formation of the oxidation product (peroxide), and the mixture will give 
the blue reaction of an oxidase with guaiaeum. 

JSxpU IIS, Mmduiimi of tJm etmpontnt* tf the oxMms in tfm Potato tuber. (A) 

Separation of Cut a few thin slices from a peeled potato and put them 

in a mortar which eontukw sufficient 9$ % alcohol to prevent, tut far m possible, 

exjxMitir© to the air, and pound them thoroughly. Filter quickly on a filter-pump, 
and repeat the process several Mines until a colourless powder, consisting of coll- 
re§§klii«t, starch* etc. is obtained. The ©n«ym« (including the peroxidase) of the cells 
are precipitated by the alcohol and remain in the cell-residue. Make a water extract 
of the white powder and filter. To a fmrtfon of the filtrate add a few drop of 
gu&meum tincture: no him colour in given. Add further a few drops of dilute 
hydrogen peroxide : a blue colour iipi^am. (II) Separation of the aromatic *ub*Umtx, 
Take about 500 gam of freshly |K*»led potato tuber, out it into thin slices and drop 
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them as rapidly as possible into a flask containing 250 c.c. of boiling 96 % alcohol 
on a water-bath. Continue boiling for 15 mins., and then filter. Evaporate off' the 
alcohol from the filtrate, take up the residue in a little water, warm and filter. To 
the filtrate add concentrated lead acetate solution until a precipitate ceases to be 
formed. Filter oft' the precipitate, which is pale yellow in colour, stir up in a little 
water and add 10 % sulphuric acid drop by drop until the yellow colour is destroyed, 
and the lead is converted into lead sulphate. Filter off the lead sulphate: the filtrate 
contains the aromatic substance in solution. Neutralize the solution carefully with 
1 % caustic soda and make the following tests with separate portions in small 
evaporating dishes : 

(a) Add a drop of ferric chloride solution : a deep green colour appears. Add 
further a few drops of 1 % sodium carbonate solution. The green colour changes to 
a bluish- and finally, a reddish-purple. This reaction is characteristic of aromatic 
compounds containing the catechol grouping, i.e. two hydroxyl groups in the 
ortho position (see p. 110). 

(b) Add a little of the peroxidase solution prepared in (A). The mixture will 
gradually turn brown owing to the oxidation of the aromatic by the peroxidase. 

(c) To ( b) add a few drops of guaiacum tincture. A blue colour is given owing to 
the presence of the peroxide formed in (5), the oxidase system being now complete. 

Expt. 119. Action of peroxidases on catechol, (a) The peroxidase of the Potato 
tuber (or Pear fruit). Make a l°/ 0 solution of catechol in distilled water. To some 
of this solution, in a small evaporating dish, add a little of the peroxidase solution 
from Expt. 118 (A). Note that the catechol solution gradually turns brown. Add 
further a few drops of guaiacum tincture. A blue colour appears, (b) Peroxidase of 
Alyssum leaves. Pound up 2-3 A lyssum leaves in a mortar with some 96% alcohol, 
and filter on a filter-pump. Repeat the process until the residue is practically 
colourless. Extract the residue with a little distilled water and filter. Proceed as in 
(a). No browning of catechol takes place and no blue colour is formed on the 
subsequent addition of guafacum. 

For section (a) the following material may also be used : fruits of Apple and 
Greengage, flowers of Horse Chestnut (Aesctdus) and leaves of Pear, the method of 
preparation in (b) being employed. For section (b) flowers of white Arabis may also 
be used. 

If in the preparation of the peroxidase from the Potato tuber, the 
tissue is allowed to brown before extracting with alcohol, the cell-residue 
is tinged with brown and, on extraction with water, the filtrate will give 
an oxidase reaction with guaiacum. This is to be explained by the fact 
that the peroxide has been adsorbed by the tissue residue. This pheno¬ 
menon is probably the explanation of the preparation of some oxidases 
called “ laccases.” Such enzymes have been obtained by the precipita¬ 
tion with strong alcohol of the expressed juices (containing peroxide 
since they were obtained by crushing the tissues) of plants which brown 
on injury. The enzyme and other organic matter is precipitated and 
carries with it the peroxide. 
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The browning of* plants on injury, as already mentioned, is very 
wide-spread : more; rarely, the same type of reaction may lead to the 
formation of variously coloured products, other aromatic substances in 
addition to the peroxide being in all probability involved. The following 
examples may be ({noted. In some of the Higher Fungi, Boletus lurid us 
and B, cjjanescms, when the pi lens is broken across or injured, the tissue 
rapidly turns a deep Prussian blue on exposure to the air Also in the 
Fungus, Russula nir/r leans, tint colour changes from pink or reddish to 
black. The latex of the tree, Rhus mrrddfera, , when exposed to air, 
turns black and constitutes the product, Japanese lacquer. 

Analogous pigments formed after death have been observed in 
Sehenckut hlumenaviana (ftubiuceac) where the whole plant turns bright 
red in chloroform vapour, as well as in species of Jacobinia and Aloe. 
Blue pigments are also formed after death in the Teasel ( Dipsaous ), in 
the Howers of an Orchid (Phajns), in the Dog’s Mercury (Mercurialis 
j>e re finis), annual Mercury (M. annuft) and in the well-known indigo- 
producing plants, the Wood ([satis tinctoria) and the Indigo (I ndigofera) 
(Walfcher, 28) (see p, 152). ft has not been shown, however, that oxidizing 
enzymes art* present in all tin* above cases. 

There is a well-known oxidizing enzyme, tyrosinase, which is some¬ 
what specific in its action in that it will only oxidize tyrosine and a few 
other substances, such as p-cresoL It occurs in the tubers of the Dahlia 
(Dahlia variabUis) and Potato (Bolanum tuberosum), in grains of barky 
(Hordenm) and wheat (Triticwm) and in Papaver orientate. In the lower 
plants it is found among the Bimicliomyce.tes. 

When tyrosinase acts upon tyrosine, a yellowish-pink colour is first 
produced which rapidly darkens to red, brown and finally black. A 
solution of p-eroso! 

CH S 

y ... 

V 

OH 


can be used as a delicate test for the enzyme, Jf the enzyme is present, 

a yellowish- or orange-red colour is farmed. 

Tyrosinase of the Potato tuber can be precipitated from a water 

extract with absolute alcohol; or if the potato tissue is extracted with 

cold 00% alcohol, the enzyme is precipitated and remains in the 
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tissue residue, as does the peroxidase [Expt. 118(A)], but the tyrosine is 
almost entirely washed away. 

Expt. 120. Demonstration of the pwexenee. of tyrosinase in the Potato. Take alxmt 
half a potato and proceed as in the preparation of peroxidase [see Expt. 118(A)]. 
Roughly dry the powder left on the filter and then add about UK) e.e. of water and 
allow to stand for 15 mins. Filter, and divide the filtrate into six portions a, 5, e, cl, 
e and /. Make a suspension of a little tyrosine in water (tyrosine is only slightly 
soluble in cold water). 

To a add 5 e.e. of tyrosine suspension. 

To h add 5 c.c. of tyrosine suspension and a few drops of hydrogen peroxide. 

To c add 5 c.c. of tyrosine suspension and boil. 

To d add a few drops of hydrogen peroxide only. 

To e add some p-cresoL 

To / nothing is added. 

Plug all the tubes with cotton-wool, put in an incubator at 38 {!. for 2-3 bra 
Not© that tubes a and b fairly rapidly turn red, then brown and finally black. 
Tubes d and / may darken a little owing to the action of tyrosinase and jwroxidasa 
on the traces of plant aromatics left in the tissue. Tube e remains unaltered. Tub© 
e gives an orange-red colour. 


Another point which may be touched upon is the* significance; of the 
oxidizing enzymes in plant metabolism. The facts as they present 
themselves may be stated thus. On death or injury we discover a 
system (oxidase) in some plants which can oxidize certain acccsptors, 
either artificially introduced, such as guaiacum, or other aromatic sub¬ 
stances present in the plant itself. 

The question is whether the oxidase system m describes! above 
functions in metabolism for the purpose of oxidation and respiration in 
the living plant If if does, there are various suggestions as to how it 
may act. For instance, it is possible that aromatic substances are oxi¬ 
dized to pigments by the oxidase system, and the pigment is then 
deoxidized by products of anaerobic respiration, hence constituting a 
mechanism for this function. Such pigments have beam termed <# respi¬ 
ration pigments” (Palladia, 12-16). It is suggested that they are not 
present in any quantity in the living plant and their production is 
controlled by oxidizing and reducing systems: 

autoxidizabie substance 4* molecular oxygen * peroxide 

peroxide 4 peroxidase«= active oxygen 

aromatic substance (acceptor or chromogen) -4 active oxygen ■# 
pigment 

pigment 4 reducing substance » ehromogen. 

The above hypothesis is only applicable to plants containing oxi- 
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dases, so that some modification would 1 >e necessary to fit the ease of 
plants containing peroxidases only. 

It should be mentioned that the aromatic, substances which become 
oxidized are frequently present in the plant as glu cos ides, that is, some 
of the hydroxyl groups are replaced by sugar. Indoxyl, the; precursor of 
indigo, forms a good example, as it is present in the plant as a colourless 
glueoside, indican (see p. 152). It is probably only after the hydrolysis 
of the glucosides that the aromatic substances can become oxidized. 
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CHAPTER VIII 


tiie proteins and PROTEASES 

No class of compounds is of more fundamental significance than the 
proteins. The matrix of protoplasm largely consists of proteins in the 
colloidal state, and, without doubt, they occur to some extent in the 
same condition in the cell-sap- They are also found in the cell in the 
solid state, in the form of either amorphous granules, termed aleurone, 
or crystalline or semi-crystalline bodies, termed crystalloids. Both solid 
forms constitute “ reserve material” ami are often found in seeds, tubers, 
bulbs, buds and roots. 

Plant proteins may be classified on the following plan : 

1. The simple proteins. 

(a) Albumins. 

(h) Globulins. 

(c) Prokmins (Gliadins). 

(d) Glutelins. 

2. Conjugated proteins. 

(a) Nucleoproteins. 

3 . Derived proteins. 

(a) Metaproteins. 

(h) Proteoses (Alfaumoses). 

(c) Peptones. 

(d) Polypeptides. 

Although they are present in every cell in all parts of plants, little, 
however, is known of plant proteins, except of those in seeds, because 
of the difficulties of obtaining them in sufficiently large quantities, and 
of separating them from each other. 

Proteins are in the colloidal state when in so-called solution, and are 
unable to diffuse through parchment membranes. The proteoses and 
jieptones, however, which have simpler molecules, can diffuse through 
such membranes. 

The vegetable proteins are soluble in various solvents according to 
the nature of the protein; some are soluble in water, others in dilute 
salt solutions, others, again, in dilute alkalies, and a few in dilute 

alcohol Vegetable albumins are coagulated from solution on boiling, 
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but most of the globulins, unlike the corresponding animal products, 
are only imperfectly coagulated on heating and some not at all. The 
precipitate formed when coagulation is complete will not go into solution 
again either in water, acid, alkali or salts. Alcohol precipitates the 
proteins; in the case of animal proteins, the precipitate becomes coagu¬ 
lated and insoluble if allowed to remain in contact with the alcohol, but 
this docs not appear to be so with plant proteins. 

In addition, certain neutral salts, the chlorides and sulphates of 
sodium, magnesium and ammonium, have the property of precipitating 
proteins (except peptones) from solution when added in sufficient quan¬ 
tity. The protein is quite unchanged in precipitation and can be made 
to go into solution again. The various proteins are precipitated by 
different concentrations of these salt solutions (see p. 124). 

The salts of calcium and barium and the heavy metals produce 
insoluble precipitates with the proteins, and in this case the reaction is 
irreversible. 

In regard to chemical composition, the proteins contain the elements 
carbon, hydrogen, nitrogen, oxygen and sulphur. There is every reason 
to believe that the protein molecule is constituted of amino-acids con¬ 
densed, with elimination of water, on the plan which may be depicted 
as follows: 

Ri Rii Riii 

I ., 1 I 

NH 2 —CH—COiOH H:NH—CH—COiOH HiNH—CH—COiOH H i N H—. 

R x 

. I 

.—COiOH HiNH—CH—COOH 

Conversely, when the proteins are acted upon by hydrolyzing en¬ 
zymes, a series off hydrolytic products are formed which have smaller 
molecules than the original proteins. They may be enumerated as : 

1. Albumoses. 

2. Peptones. 

3. Amino-acids. 

In the same way when proteins are boiled with acids, a number of 
the amino-acids are obtained as an end-product. 

The above amino-acids may be either aliphatic or’ aromatic, and they 
are characterized by having one or more hydrogen atoms, other than 
those in the carboxyl groups, replaced by the group — NH a . Thus they 
are acids by virtue of the carboxyl groups, and bases by virtue of the 
— NHa groups: towards strong acids they act as bases, and towards 
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strong bases as acids. The amino-acid, alanine, for instance, forms salts, 
sodium amino-propionate with a base, and alanine hydrochloride with 
an acid : 


CH«—~CH- COONa 


CH*r—~CH—-COOH 


NH,*HCt 


Substances behaving in this way have been termed “ amphoteric ” 
electrolytes (see also p. 15). 

In the proteins, which are formed by condensation, as explained above, 
there are always some NH a and COOH groups left uncombined. Hence 
a protein must, in the same way, have the properties of both an acid 
and a base. 

The amino-acids which are obtained by the hydrolysis of plant pro¬ 
teins may be classified as follows: 

A lipkatic mmpo umh. 

Mono-carboxylic mono-amino acids: 

Glycine or a-amino-aeetic acid 

CH 2 (NH 2 )*COOH 
Alanine or a-amino*propionic acid 

CH 3 *CH(NH 2 )*COOH 
Valine or a-amino-iso-valeric add 


llv 

\CH * CH(NHg) * COOH 


Leucine or a-amino-iso-caproic acid 


'^>CH • CH* * CH(NH S ) ■ COOH 


Iso-leucine or a-amino-^-methyi-^-ethyl-propi<mic ncid 


'^>CH -CH(NH 8 ) COOH 


Serine or a-amino-^-hydraxy-propiome acid 

CH^OH * CH(NHg) • COOH 

Dicarboxylic mono-amino acids: 

Aspartic acid or a-amino-mieemic acid 

COOH - CH S * CH(NHg) * COOH 
Glutarsainic acid or a-amino-glufearie acid 

COOH * OH* * C H t • CH(NHg) * COOH 
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Aromatic compounds . 
Mono-carboxylic mono-amino acids : 

Phenyl-alanine or /9-phenyl-a-amino-propionic acid 

C 6 H f> *CH 2 *CH(NH 2 ) COOH 

Tyrosine or jp-hydroxy-phenyl-alanine 

OH * C 6 H 4 * CH 2 * CH(NH 2 ) * COOH 

Heterocyclic compounds. 

Proline or a-pyrrolidine-carboxylic acid 

* ch 2 -ch 2 

i I 

ch 2 ch-cooh 
\mh/ 

Histidine or /3-iminazole-alanine 

CH 

/s 

NH N 

CH=C—CH 2 -CH(NH 2 ) • COOH 

Tryptophane or /9-indole-alanine CgH<jN • CH* • CH(NHj) • COOH 



Different proteins are formed by various combinations of the above 
acids and hence give different amounts on hydrolysis. 

There are certain properties and chemical reactions by means of 
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which proteins can he detected. These are illustrated in the following 
experiment. 

Expt. 121. Tests for 'proteins . Weigh out about 10 gms. of dried peas (Pisum), 
grind them in a coffee-mill and then add 100 c.c. of water to the ground mass. 
Allow the mixture to stand for an hour. Filter, and make the following tests with 
the filtrate (see p. 133). 

(a) The xanthoproteic reaction. To a few c.c. of the protein solution in a test-tube 
add about one-third of its volume of strong nitric acid. A white precipitate ‘is 
formed (except in the case of proteoses, peptones, etc.). On boiling, the precipitate 
turns yellow, and may partly dissolve to give a yellow solution. Cool under the tap, 
and add strong ammonia till the reaction is alkaline. The yellow colour becomes 
orange. The precipitate is due to the fact that rnetaprotein (see p. 127) is formed 
by the action of acid on albumins or globulins, and this metaprotein is insoluble in 
strong acids. The yellow colour is the result of the formation of a nitro-compound 
of some aromatic component of the protein, such as tyrosine, tryptophane and 
phenylalanine. 

(b) Millorts reaction. To a few c.c. of the protein solution add about half its 
volume of Millon’s reagent 1 . A white precipitate is formed. On warming, the preci¬ 
pitate turns brick-red, or disappears and gives a red solution. The white precipitate is 
due to the action of the mercuric nitrate on the proteins. The reaction is character¬ 
istic of all aromatic substances which contain a hydroxyl group attached to the 
benzene ring. The aromatic complex in the protein to which the reaction is due is 
tyrosine. 

(c) The glyoxylic reaction (.Hopkins and Cole). To about 2 c.c. of protein solution 
add an equal amount of “reduced oxalic acid” 2 . Mix the solutions, and then add an 
equal volume of concentrated sulphuric acid, pouring it down the side of the tube. 
A purple ring forms at the junction of the two liquids. If the liquids are mixed by 
shaking the tube gently, the purple colour will spread throughout the solution. The 
substance in the protein molecule to which the reaction is due is tryptophane. If 
carbohydrates are present in the liquid to be tested, the colour is not good, owing to 
blackening produced by the charring with the strong sulphuric acid. 

(d) The biuret reaction. To a few c.c. of the protein solution add an excess of 
sodium hydrate and a drop of a 1 % solution of copper sulphate. A violet or pink 
colour is produced. The reaction is given by nearly all substances containing two 
CONH groups attached to one another, to the same nitrogen atom, or to the same 
carbon atom. The cause of the reaction with proteins is the presence of one or more 


1 This reagent is made by dissolving 80 c.c. of mercury in 570 c.c. of concentrated 
nitric acid and then adding twice its bulk of water. It contains mercurous and mercuric 
nitrates, together with excess of nitric acid and a little nitrous acid. 

2 Reduced oxalic acid is prepared as follows: (a) Treat 500 c.c. of a saturated solution 
of oxalic acid with 40 gms. of 2 °/ 0 sodium amalgam. When hydrogen ceases to be 
evolved, the solution is filtered and diluted with twice its volume of distilled water. The 
solution contains oxalic acid, sodium binoxalate and glyoxylic acid (COOH-CHO). 
(b) Put 10 gms. of powdered magnesium into a flask and just cover with distilled water. 
Add slowly 250 c.c. of saturated oxalic acid, cooling under the tap. Filter off the insoluble 
magnesium oxalate, acidify with acetic acid and dilute to a litre with distilled water. 
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groupings formed by the condensation of the carboxylic group of an amino-acid with 
the amino group of another amino-acid (see p. 119). 

(e) The xitlphnr reaction. Boil a few c.c. of the protein solution with some 40% 
sodium hydrate for two minutes, and then add a drop or two of load acetate. The 
solution turns black. This reaction is due to the formation of sodium sulphide by 
the action of the strong alkali on the sulphur of the protean. On addition of the lead 
salt, a black precipitate of load sulphide is formed. Tins sulphur in the protein 
molecule is mainly present as cystine.. 

For tin 1 , following reactions, a protein solution free from other impurities is 
required. For this purpose take. 40 gins, of ground peas, add to the meal about 
200 c.c, 10 % sodium chloride solution, and allow the mixture to stand, with occa¬ 
sional stirring, for 3 i i hrs. (secs p. 134). Then filter off tin 1 , extract, first through 
muslin, and, subsequently, through biter-paper. Put tin*, extract to dialyze for 
24 hrs. in a collodion dialvzcr 1 until the protein is well precipitated. (Toluol 
should be added to the liquid in the diaiyzer.) Then filter off the protein. Reserve 
half, and dissolve the other half in about 50 c.c. of 5 % sodium nitrate solution. 
With this solution (after reserving a portion for Fxpt. 123) make the following tests: 

(/) Precipitation hp alcohol. To a few c.c. m a test-tube, add excess of absolutes 
alcohol. The protein is precipitated. 

{//) Precipitation ftp th*• fieucp metal®. Measure out a few c.c. of the protein 
solution into three test-tubes, and add respeefcivedy a little (1) copper sulphate 
solution, ( k 2j lead acetate solution, (3) mercuric chloride solution: the protein is 
precipitate! in each case. 

The following test cannot tm demonstrated on the Pea protein, since carbo¬ 
hydrates ant absent in this ease. It can, however, be demonstrated in later 

c^xfKiri mentis (mm p. 130). 

(//) Moliwh'n reaction. To a few c.c. of the protein solution odd a few drops of a 
1 % solution of «-naphthol in alcohol. Mix, and then run in an equal volume of 
strong sulphuric acid down the side of the tulm. A violet ring is formed at the 
junction of the two liquids. The reaction signifies the existence in the protein of a 
carlwdiydmte group which gives rise, on treatment with acid, to furfural. The latter 
then condenses with a-naphthol to give a purple colour (see also Expts. 38, 44, 46). 

(/) Precipitation hp *alt* of alkaline earth, metal®. To a few c.c. of the protein 
solution arid n little barium chloride solution. A precipitate is formed on standing. 

(j) Pmeipitatkm hp neutral mdu. Maturate a few c.c. of the protein solution 
with finely j powdered ammonium sulphate. The protein is precipitated or u salted out.’ 1 

Since from a neutral salt solution the |w» globulin is precipitated by acid 
(see p. 12ft), the tents (k}4m) should Irn carried out with it solution of the protein in 
dilute add. Ditincdvii, therefore, the mnamdor of the solid pea globulin in about 
40e.c. of 10 % acetic add, filter, and make the following teste; 

(k) *Prmipitaiimt hp tamiic ami. Add a little tannic acid solution: the protein is 
precipitated. 

1 Th© collodion eolation is mini# by adding 7ft e.c. of ether to 8 gms. of well-dried 
pyroxylin, allowing it to stand for 10-18 minutes and then adding M c.c. of absolute 
alcohol. The dlalyatrs arc prepared by coating the inside of a large test-tube with the 
eolation and then Ailing with water, after the film is sufficiently dried so m not to be 
wrinkled by touching with the Anger. The me can then he withdrawn from th# tube. 
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(, l ) Precipitation by Esbaeh's solution 1 . Add a little Enhaeldw solution: the pro¬ 
tein is precipitated. 

(m) Precipitation by phosphotungstic add. Add a little 2 °/„ solution of phon- 
photimgHtic acid in 5 % sulphuric acid; the protein is precipitated. 

The substances used in the tests (k)~(m) are termed “alkaloidal re¬ 
agentsbecause they also cause precipitation of alkaloids (see Chap. x). 

We are now in a position to deal with the different groups of pro¬ 
teins in detail: 

Albumins. Very few vegetable albumins have been investigated. 
They can be best defined as proteins which are soluble in water and are 
coagulated by heat. Animal albumins are distinguished by the fact 
that they are not precipitated by saturating their neutral solutions with 
sodium chloride or magnesium sulphate; nor are they precipitated by 
half-saturation with ammonium sulphate. This distinction cannot be 
applied to vegetable proteins, since some are precipitated by the above 
treatment. It is often not easy to determine whether a plant protein is 
an albumin, on account of the difficulty of removing traces of salts, acids 
or bases which cause solubility, and also of separating the albumins from 
the globulins with which they occur. Albumins are however probably 
widely distributed in plant tissues. 

The best-known albumins are: 

Leucosin, which occurs in the seeds of Wheat (Triticum vulgare). 
Rye (Secale cereals) and Barley (, Hordmm vulgare). 

Legumelin, which occurs in seeds of the Pea (Pimm sativum), Broad 

Bean {Vida Faba\ Vetch (Vida satim ), Lem til (Ervum Letts) and some 
other Leguminous seeds. 

Phaselin, which occurs in the Kidney-bean (Phamolm vulgaris), 

Riein, which occurs in the Castor-oil Bean (liidnm communis). 

Espt 122. Demo miration of the present* of an albumin (Imemin) in wheat or 
barley flour (see aim Expts. 128 and 130). Weigh out 10 gras, of wheat or barley flour, 
add 100 c,c. of distilled water and allow to stand, with occasional stirring, for 
2-0 hrs. Then filter off the solution. Slowly heat the solution to boiling, and note 
that a precipitate of coagulated protein is formed. 

Globulins. These may be defined as the proteins which are in¬ 
soluble in water but soluble in dilute salt solutions, the concentration of 
the salt solution necessary for complete solution (sec p. 125) varying 
with the salt or protein under consideration. It# should be noted that, 
in making wafer-extracts of plant tissues, it may happen that globulins 

1 bach’s solution is prepared by dissolving 10 gins* of picric acid and lOgma* of citric 
acid in water and making the minimi up to a litre. 
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pass into solution to somi‘ ox tout owing to tho presence of inorganic 
salts in tho tissues themsolves. r rhis has also already been illustrated 
in Expt. 121 in whioli an extract of the globulin of the Pea was obtained 
by treating ground Pea seeds with distilled water only. 

It is characteristic of animal globulins that they are precipitated by 
saturation of their solutions with magnesium sulphate. Many of the 
vegetable globulins cannot he precipitated by the above means, though 
they are all, ns far as tested, precipitated by sodium sulphate at 33" (\ 
Many also (like animal globulins) are precipitated by half-saturation 
with ammonium sulphate, though others are not precipitated until their 
solutions ant nearly saturated with this salt [see Expt. 121 (j) |. 

Unlike animal globulins, vegetable globulins are, as a rule, only 
imperfectly coagulated by heat, even on boiling. 

Ej'fit. 123. of thv mtttfiliation of (flat ml in. float n fow cm;, of the 

solution of dialyzed Pen globulin (from Expt. 121) in a test-tube. Note that the 
protein is largely precipitated, but the solution does not become quite clear. 

One very important characteristic of the vegetable globulins is the 
ease with which a number of them can be obtained in crystalline form. 
This result may be achieved by dialyzing a salt solution of the globulin. 
The salt pusses out through the membrane, and the protean is deposited 
in the form of crystals. An alternative method is to dilute the saline 
solution of globulin with water at 50-80° Cl until a slight turbidity 
appears. Then warm further until this goes into solution, and cool 
gradually, when the protein will separate in crystals. The globulin, 
odestin, from seeds of the Hemp {Gannalyin mitimi) crystallizes very 
readily {see Expt 135) and crystals can also be obtained of the globulins 
from tho seeds of the Brazil nut (Bertholletia excel#a) (see Expt 156), 
the Flax or Linseed (Litmm mitatwdnmm) (see Expt 135), the Oat 
(Avena naiim) ami the Castor-oil plant (Ricinm commurm) (see Expt 
134); other globulins separate out on dialysis as spheroids, sometimes 
mixed with crystals. 

The solubilities of plant globulins are further complicated by the 
fact that some of these substances form acid salts which have different 
solubilities from the proteins themselves. Thus edestin is insoluble in 
water, but soluble in either dilute salt solution or acid. In the presence 
of acid it forms salts which are insoluble in dilute salt solutions. Thus 
edestin in dilute acid solution is precipitated by a trace of salt, or in 
dilute salt solution by a trace of acid (see Expt. 124). Legumin, on the 
other hand, from the Pea and other Leguminos&e is soluble in water in 
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the free state: combined with n small amount of acid as a salt, it is 
insoluble in water but soluble in neutral salt solution, that is, if has the 
solubilities of a globulin (see p. 1114). 


Expt. 124. The formation of wilts hi/ edeMm. (Jrind up 5 ginn. of Hoods of the 
Hemp (Cannabis mtiixz) in a coffee-mill. Extract with 50 c.e. of warm (not a hove 
60° (J.) 10% sodium chloride solution and filter. Add a drop of strong hydrochloric 
acid to the filtrate. Kdestin chloride, which in insoluble in salt .solutions, is precipi¬ 
tated. Filter and drain off all the liquid, and then suspend the precipitate in 
distilled water. Add 1 or 2 drops of hydrochloric acid carefully and stir til! most or 
all of the precipitate goes into solution. Filter, and to the filtrate add a few drops 
of saturated sodium chloride solution. The edestin add salt is again precipitated. 

The following is a list of the prineii>al known globulins {( Thorne, 2j: 


Legumin, in seeds of. 

Vignin, in seeds of... 

Glycinin, in seeds of .. 

Phaseolin (crystalline), in seeds of 

Conglutin, in seeds of ... 

Vicilin, in seeds of.......— 

Corylin, in seeds of .. 

Amandin, in seeds of... 

Juglansin, in seeds of.... 

Excelsin (crystalline), in seeds of 
Edestin, in seeds of .... 

Avenalin, in seeds of.. 

Castanin, in seeds of .. 

Maysin, in seeds of..... 

Tuberin, in tubers of............... 


( Pea (Pis am sativum). 

Broad Bean (Vida Faint)* 

Vetch (Vida mttim.i). 

Lentil (Ervum Lea#). 

Cow Pea ( Vigna simnsis). 

Soy Bean (Glycine hinpida ). 

(Kidney Bean (Pkamtdtm vulgaris). 
-I Adzuki Bean (P. rmiiaUm), 

(Lima Bean (P. lunutus). 

Lupin (Lupintut). 

Pea (Pmum sativum). 

Broad Beam ( Vida Faba). 

Lentil (Ertmm Lem), 

Hazel Nut (Corplus Avellana ). 
'Almond (Pnmm Amygdala#). 
Peach (P, Fermat)* 

Plum (P. dommtica). 

.Apricot C/\ Armeniaca ). 

European Walnut (Juglann regia). 
American Black Walnut (J* nigra). 
American Butter-nut (J. cinema). 
Brazil Nut (Berth&lletia etveetsa). 
Hemp (Cannabis satim). 

Oat (Avma satim). 

Sweet Chestnut (Castanm ml - 
garis). 

Maize (Zea Mays). 

Potato (Solatium tuberosum). 
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Crystalline globulins have also been isolated from the following 
seeds but have as yet no distinctive names: Flax (I/inum usitat'issivium), 
Squash (Cucurbita maxima), Castor-oil Bean ( Ricinus communis), Coconut 
(Cocos nucifera), Cotton-seed ( Gossypium herbaceum). Sunflower ( Heli- 
anthus cmnuus), Radish ( Raphanus sativus), Peanut (Arachis hypogaea), 
Rape ( Brassica campestris) and Mustard ( Brassica alba). 

It will be seen that the majority of reserve proteins of seeds are 
globulins. It is probable that native and artificial crystalline proteins 
are identical in many cases. 

Prolamins. These proteins are characterized by the fact that they 
are insoluble in water and dilute saline solutions, but are soluble in 
70-90 % alcohol. Such proteins are peculiar to plants, and are formed 
to a considerable extent in the seeds of cereals. The principal ones 
which have been isolated are: 

Gliadin found in the seeds of Wheat (Triticum vulgare). 
n „ „ Rye ( Secale cereale). 

Hordein „ „ Barley (Hordeum vulgare). 

7,o .in „ „ Maize {Zea Mays). 

The properties of the gliadins are demonstrated in Expts. 128, 129, 
130 and 131. 

Glutelins. The proteins of this group are insoluble in water, dilute 
saline solutions and in alcohol, but they are soluble in dilute alkalies. 
Glutenin of wheat is the only well-characterized member of this class 
which has so far been isolated, though other cereals most probably 
contain similar proteins. A protein of this nature has also been obtained 
from seeds of Rice ( Oryza sativa). The properties of the glutelins are 
demonstrated in Expts. 128, 129 and 131. 

Nucleoproteins. Though these proteins probably form constituents 
of all cells, the only members of the class investigated are those of the 
wheat embryo. This has been possible since nuclei form a large pro¬ 
portion of the tissue of the embryo. They may be regarded as protein 
salts of nucleic acid, i.e. protein nucleates. On hydrolysis with acids or 
enzymes they split up into various proteins and nucleic acid. The 
nucleoproteins are also connected with the purins (see p. 164). 

Metaproteins. These are hydrolytic products of albumins and glo¬ 
bulins formed by the action of water or dilute acid or alkali. They 
are insoluble in water, strong mineral acids and all solutions of neutral 
salts, but are soluble in dilute acids and alkalies in the absence of any 
large amount of neutral salt. 
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Expt. 125. Reactions of metaprotein. Dissolve alxmt 1 gm.<»f edrstin (see Expt, 133) 
in 50 o.c. of a 2% hydrochloric acid and keep on a boiling water-bat It for 2 hrs. 
Neutralize with dilute sodium carbonate solution. A copious precipitate of meta- 
protein separates out which is insoluble in water. Filter off the precipitate* and 
wash. Make with it the following tests : 

(a) Dissolve up some of the precipitate again in <H % hydrochloric acid. To 
portions of the solution add: (i) Dilute sodium carbonate : the mefcaprotein is pre¬ 
cipitated again and redissolves in excess, (ii) Concentrated hydrochloric acid; the 
motaprotein is precipitated, (iii) Boil some of the acid solution. No coagulum is 
formed: the metaprotein is not precipitated by boiling when in solid ion, and can 
still be precipitated by neutralizing with sodium carbonate. 

(b) Suspend some of the precipitate in water and boil. Cool and add 0*4% 
hydrochloric acid : the precipitate is now insoluble, since the motaprotein m coagu¬ 
lated when boiled in suspension. 

(c) To some of the precipitate suspended in water, add gradually sat orated 
ammonium sulphate solution : the metaprotein is insoluble in nil concentrations of 
the salt. 

Proteoses (albumoses) and peptones. These substances an* formed 
as products of hydrolysis by enzymes. When present in extracts from 
seeds, however, it is sometimes uncertain whether they formed original 
constituents of the seeds or resulted from hydrolysis. 

As a result of the enzyme hydrolysis of proteins a mixture of various 
proteoses is usually produced (Chittenden and Mendel, 4) which can be 
separated by various methods, such as different solubilities in ammonium 
sulphate, alcohol, etc. The albumoses are soluble in water, salt solutions, 
dilute acids and alkalies. They are all precipitated by complete satura¬ 
tion with ammonium sulphate, and some by hiilf-mturatioii with the 
same salt. On the whole, they give the general colour reactions of the 
proteins, and are precipitated by the protein prccipitanta, though some 
groups of proteoses show certain exceptions. Their solutions are not 
coagulated on boiling. 

The peptones am the only proteins not precipitated by complete 

saturation with ammonium sulphate. They give the protein colour 
reactions and are precipitated by tannic acid and lead acetate, 

Expt 126. Separation and reactions of pmdmmm* Take 2 glint of the globulin 
edestin (prepared an in Expt. 133) and put in a flask with 100 e,c. of 0*2% hydro¬ 
chloric add and warm until as much as possible of the edestin gmm Into solution. 
Then cool and add 0*5 gm. of commercial peymn : add also a little toluol, shako 

and plug with cotton-wool. Leave in an incuWtor at Iff (l for 4 days, (A control 
experiment should also be made with 100 c.c. of 0*2 % hydrochloric acid and 
0*5 gm. of pepsin. Since pepsin itself gives a biuret reaction, & control is tkmmmrf 
for comparison in the next experiment) The preliminary changes In edestin hydro¬ 
lysis are rapid, fat ii will be found that if the edestm solution m tested with sail um 






vra] 


THE PROTEINS AND PROTEASES 


129 


chloride solution even after 24 hours in the incubator, no precipitate will be given 
with sodium chloride, in contrast with the copious precipitate given on the addition 
of salt solution to the unaltered acid solution of edestin (see also Expt. 124). After 
four days, the incubated mixture is neutralized with dilute sodium carbonate 
solution, filtered and saturated while boiling with solid ammonium sulphate. 
A precipitate of proteoses is formed, which can be gradually collected together as 
a sticky mass and removed with a glass rod. Dissolve the precipitate in some hot 
water, filter and make the following tests: 

(a) Xanthoproteic reaction . Add a few drops of nitric acid. It is characteristic 
of most proteoses that a precipitate is formed which disappears on heating and 
reappears on cooling. In the case of the proteoses from edestin, only a slight pre¬ 
cipitate may be given, but it is increased by adding a little sodium chloride solution. 
The colour is intensified in the usual way by addition of ammonia. 

(b) Millorfs reaction. A positive result is given. 

(c) Qlyoxylic reaction. A positive result is given. 

(d) Biuret reaction. A pink or pinkish-violet colour is given. 

(e) Sulphur reaction. A positive result is given. 

(/) Add a little tannic acid solution. A precipitate is formed. 

(g) Add a drop of copper sulphate solution. A precipitate is formed. 

(A) Add a drop of strong acetic acid and then a couple of drops of potassium 
ferrocyanide. A precipitate is formed which disappears on heating and reappears 
on cooling. 

(i) Boil some of the solution. No coagulum is formed. 

Expt. 127. Detection of peptone. The saturated solution, from which the proteoses 
have been precipitated, is then filtered and to a measured quantity (about 5 c.c.) 
twice the volume of 40 % sodium hydroxide is added and a drop of 1 % copper 
sulphate solution. A pink colour appears, due to the presence of peptone. A test 
should be made with the control solution containing hydrochloric acid and pepsin 
only. An adequate amount should be saturated with ammonium sulphate, filtered 
and 5 c.c. tested for peptone. The reaction is less marked than in the actual hydro¬ 
lytic product. Concentrate the remainder of the peptone solution on a water-bath 
and pour off from the excess of ammonium sulphate crystals. Filter and make 
the following tests: (i) Xanthoproteic, (ii) Millon’s, (iii) Qlyoxylic, (iv) Tannic acid. 
A positive result is obtained in each case. 


The Seed Pboteins of certain Plants. 

The proteins present in the seeds of certain genera and species, upon 
which special investigations have been made, may now be considered. 

It should be borne in mind that there are always several proteins 
present in the seed. Some are reserve proteins of the cells of the 
endosperm or of the storage tissue of the cotyledons: others are proteins 
of the protoplasm and nuclei of the tissues of the embryo and of the 
endosperm. 


o. 
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PllOTHINX 01<' (UillKALX (dIlAMrX.U'KA A'). 

Ah far an investigations have gone, it may be said that, the; starchy 
seeds of cereals are poor in albumins and globulins. The chief reserve 
proteins belong to the peculiar group of prolamins, and a considerable 
portion also consists of glutelins. 

The grain of Wheat (Triticum vulgare) contains some proteose and 
a small percentage of an albumin, leucosin. A globulin occurs only 
in very small amount. The bulk of the protein consists of gliadin (a 
prolamin) and of glutenin (a glutelin). Nucleoproteins an; present in 
the embryo, but there is no gliadin or glutenin {< i.sborne and Voorhoes, 14). 

Expt. 128. Extraction of the protein it of the Wheat grain . (a f Extraction of 
albumin (leucosin) and proteose. Take 100 pirn, of white flour (the mini* quantity of 
wheat grains which have been ground in a coffee-mill may \*\ used, hut the extraction 
in thin cane in slower), put the ground immn in a large flank or linker and add 
250 c.o. of distilled water. ’ Let the mixture stand for 1 4 hrs,, shaking wmsioi tally. 
Filter off some of the liquid, first through muslin and then on a filter-pump. Iteserve 
the residue on the filter and test the filtrate for proteins (Expt. 121, (a) (d)}. 

Boil a second portion of the filtrate (after adding a drop or two of tie,otic acid). 
A precipitate of the albumin, leucosin, is formal. Filter off this precipitate, cool the 
filtrate and make the protean tests again. All the al>ove tests are given by the proteose 
in solution; in the case of the xanthoproteic, the precipitate dstmpisiiim on heating 
and remppeam on cooling (Expt. 120)- Also make the following sjmciul test for 
proteoses (Expt. 120); Add ft little potassium ferrocyanide solution and auntie acid. 
A white precipitate is formed which disappears on heating and imp|«tJtrH tm cooling. 

(b) Extraction of the globulin* Take the residue of ground wheat and drain cm 
a filter-pump. Then extract with 250 <;.e. of 10 % sodium chloride solution for 
12-24 hrs. Filter off, first through muslin, and then through paper on a filter- 
pump. Put the extract to dialyze in a collodion dialyzer for 24 hrs. (toluol should 
be added to the liquid in the dialyzer). Filter off the precipitate, which will l*e very 
slight, and dissolve it in a little 10% sodium chloride. (Though so little globulin is 
present, the ex|*orimcmi is instructive for eomjmraon with this large amount of 
globulin obtained from many other seeds.) Make the tots for protein [Expt. 121, 
(a)-(d)] with the solution (Millon’s cannot lx* used on account of the presence of 
chlorides). Also try the effect of (i) ladling the sodium chloride solution: coagulation 
is not complete, (ii) adding a little add: a precipitate m formed m in thnciwa of 
cdestiri. 

(c) Extraction of glmdin. 'fake the wheat residue, which has bmn filtered from 
the sodium chloride solution, and add 250 o.e. of 95 % alcohol. Warm on a water- 
bath and filter. Fvapomta the filtrate, which con tains gliadin, mi a water Imth (or 
better distil off the alcohol in vacuo). When reduced to about half its hulk, take a 
little of the filtrate and filter. Divide this fill rate Into two part* in toftt-tutxM. To 
one add water; to the other absolute alcohol A white precipitate of gliadin Is 
formed in each owe, since it it insoluble in both water and strong alcohol, though 
soluble in dilute alcohol The remainder of the gliadin extract Its evaporated almost 
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t<> dryness, and then poured into a large volume of distilled water. A milky precipi¬ 
tate of gliadin in formed which may be made to nettle by adding a little ho] id Hodium 
chloride and .stirring. Filter off the gliadin and dissolve in 10 ( >/ 0 acetic acid. With 
the .solution make the tents for protein f ICxpt. 121, (a) (d)'\. 

(d) Extraction of glutenin. Take half tin's wheat residue from the alcoholic ex¬ 
traction, pound well in a mortar and extract again with warm alcohol and subsequently 
with water. The residue must be free from wafer-ami alcohol-soluble proteins as 
they are also soluble in alkalies. Then extract the residue with 0*1 °/ 0 caustic potash 
solution. Filter off the extract which contains the. glutenin. To a portion of the 

filtrate add sulphuric acid drop by drop. A precipitate of glutenin is formed. 


Test the remainder of the filtrate for proteins [Fxpfc. 121, (a) .(d)]. 


Thu gliadin of wheat has the peculiar property of combining with 
water to form a sticky mans which binds together the particles of 
glutenin, the whole forming what is termed gluten. It is this phenomenon 
which gives tin* sticky consistency and elastic properties to dough. 

Expt. 121). To dmmrmtmte the fact that gluten formation depend® on the premum 
of tftindin. Take two small evaporating dishes. Fill one with ordinary flour. Fill 
the other with flour that has l men extracted with 70 % alcohol for two or three days. 
(The alcohol is allowed to stand on the wheat in the cold. It is then poured off, and 
more added, and the process re|stated. The flour is now dried again, first in air, then 
in the steam-oven and finally is ground in a mortar.) A little water is added to 
each of the dishes and the. flour worked up into a dough. This is then allowed to 
stand for half an hour. The dough consists of gluten (gliadin and glutenin) to which 
the starch adheres. Next take two I makers, fill with water, and over the top of each 
tie a muslin cover. Place the two samples of dough on tins muslin on the two Imakers, 
and rub gently with n glass rod. Tin? starch will be washed away into the takers. In 
the ease of the normal flour a sticky mass of gluten will remain. In the other caw? 
there will lie no gluten on account of the absence of gliadin. To the suspension of 
starch in the Issakar add some iodine solution, and it will turn a deep blue-black colour. 

In the Barley (Honkmm mdr/are) grain, small porcontagen of an 
albumin, apparently identical with leueosin, and of a globulin, barley 
edeHtin, are prettent, together with some proteofse. The main protein in 
a prolamin, hordein, very similar to, but not identical with, gliadin. 

There in no well-defined glutei in (Osborne, 9). 

Expt* IMK Extraction of the protein* of the Barley gram* [a) Extraction of the 
albumin mid protmm* Grind up 100 gins, of barley grains in a cofFee*mill, or use 

preferably barley flour. Add 250 e.c. of distilled water to the ground meal, and 
allow th# mixture to stand 5 for 1-4 lira, filter off the extract, first through muslin 
and then through fiiter*papor. The extract will contain a small quantity of the 
albumin, fattoogin, and protooMe. With the filtrate make the tests for proteins 
[Expt. 121, (mh(M 

Boil a second portion of the filtrate, A white precipitate of the coagulated pro¬ 
tein is formed. Filter off the precipitate, cool the filtrate containing the prwb&m 
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and test for proteins. All the tests will be positive : in the case of the xanthoproteic, 
the precipitate disappears on heating and reappears on cooling, a characteristic of 
proteoses (Expt. 126). Make also the special test for proteoses : Add a little potas¬ 
sium ferrocyanide and acetic acid. A white precipitate is formed which disappears 
on heating and reappears on cooling. 

(b) Extraction of the globulin. To the barley residue, after extraction with 
water, add 250 c.c. of 10 °/ 0 sodium chloride and allow the mixture to stand for 
12-24 hrs. Filter first through muslin and then filter-paper, and put the extract 
to dialyze for 24 hrs. Filter off the precipitate of globulin which will have formed, 
and take it up into solution again in as small a quantity as possible of 10 % sodium 
chloride. Make with the solution the following tests: (i) The usual (except Millon’s) 
tests for proteins [Expt. 121, (a)-(rf)]: these will give positive results, (ii) Boil a little 
of the solution: imperfect coagulation will take place, (iii) Add a little acid: a pre¬ 
cipitate is formed, as is usual with plant globulins. 

(c) Extraction of the prolamin , hordein. The residue, after the sodium chloride 
extraction, is then extracted with 250 c.c. of warm 95 °/ 0 alcohol. Filter, and con¬ 
centrate the filtrate on a water-bath (or better, distil in vacuo). After concentration, 
test a little filtered extract as follows: pour a few drops into (1) absolute alcohol, 
(2) distilled water. A white precipitate of hordein is produced in each case, since,, 
like gliadin, it is insoluble in both strong alcohol and water, but soluble in dilute 
alcohol. Then pour the whole extract into a large volume of water. The protein is 
precipitated as a fine white suspension, but will settle out more readily if a little 
solid sodium chloride is added. Filter off the hordein, and dissolve in 1 % acetic acid.. 
Make the usual protein tests [Expt. 121, (a)-(d)] ; there will be a positive result in 
each case. 

In the Rye ( Secale cereale) grain there are small percentages of 
proteose, and of lencosin and edestin. The greater part of the protein 
is gliadin, said to he identical with that in wheat. 

In the Maize (Zea Mays) grain there is apparently no true albumin, 
though there is some proteose. There are small quantities of globulin,, 
but the greater part of the protein is a prolamin, termed zein, and a 
glutenin (Osborne, 10). 

Expt. 131. Extraction of proteins of the Maize grain, (a) Extraction of proteins 
soluble in 'water. Grind up 100 gms. of maize grains in a coffee-mill, or preferably use 
maize meal. Add 250 c.c. of water and allow the mixture to stand 1-4 hrs. Filter 
off, first through muslin, and then filter-paper. The filtrate contains proteose and 
probably a little globulin which has gone into solution owing to the presence of salts 
in the seed. Make the usual tests for protein [Expt. 121, (a)-{d)]. 

Boil another portion of the filtrate. Some coagulation of protein will take place. 
Filter, cool the filtrate and test for protein [Expt. 121, (a)^{d)]. Positive results will be 
given by the proteose present. Make also the special test for proteoses: Add a little 
potassium ferrocyanide and acetic acid.' A white precipitate is formed, which dis¬ 
appears on heating and reappears on cooling. 

(b) Extraction of globuUn. The residue, after water extraction, is next treated 
with about 250 c.c. of 10 % sodium chloride solution for 12-24 hrs. Filter, first, 
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through muslin, and then through filter-paper. Dialyze the extract for 24 hrs. Then 
filter off the precipitate of globulin which will have separated out, and dissolve 
in 10 % sodium chloride. Make with the solution the following tests: (i) The usual 
(except Millon’s) tests for proteins [Expt. 121, (a)-(d )]: these will give positive results, 
(ii) Boil a little of the solution: imperfect coagulation takes place, (iii) Add a little 
acid: the protein is precipitated. 

(o) Extraction of the prolamin y zein. The residue after salt extraction is then 
extracted with 250 c.c. of hot 95 °/ 0 alcohol. Filter, and concentrate the filtrate, 
which contains the zein, on a water-bath (or, better, distil in vacuo). Pour a few 
drops of the concentrated extract into (1) absolute alcohol, (2) distilled water. As 
in the case of gliadin and hordein, a precipitate of zein will be formed. Then pour 
the whole extract, after evaporating to a small bulk, into excess of distilled water, 
and add a little solid sodium chloride. The precipitate of zein will slowly settle, and 
can be filtered off. Zein is not readily soluble in acids and alkalies. Hence Millon’s 
and the xanthoproteic tests should be made on the solid material. Zein does not 
contain the tryptophane nucleus. To demonstrate this, the glyoxylic reaction should 
be made by shaking up some solid zein in reduced oxalic acid and adding sulphuric 
acid and mixing. No purple colour is formed. 

(<f) Extraction of glutenin . Take about half of the residue after the alcoholic 
extraction, pound in a mortar, and extract again with alcohol. Then extract the 
residue with OT % caustic potash solution. Filter off the extract which contains 

N 

the glutenin. To a portion of the filtrate add sulphuric acid drop by drop. 

A precipitate of glutenin is formed. Test the remainder of the filtrate for proteins 
[Expt. 121, (a)-(rf)]. 


Proteins of Leguminous Seeds (Leguminosae). 

In the Leguminosae, which are starchy seeds, the chief reserve 
proteins, as contrasted with those of cereals, are globulins. The various 
proteins occurring may be enumerated as: 

Legumin. A globulin which forms the chief protein in the seeds of 
the Broad Bean (Vida Paha), the Pea (Pimm sativwm), the Lentil 
(j Ervum Lens) and the Vetch (Vida sativa). Legumin itself is soluble 
in water, but occurs as salts which are insoluble in water and soluble 
in saline solutions. Some portion can be extracted from the seed by 
water only. 

Vieilin. A globulin occurring in smaller quantities than legumin 
and found only in the Pea, Bean and Lentil seeds. 

PhaseoLin. A globulin forming the bulk of the protein of the 
Kidney Bean (Phaseolm vulgaris). 

Conglutin. A globulin forming the bulk of the protein in Lupin 
(Lujyinus lutem) seeds. 
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Legumelin. An albumin found in small quantities in the Pea, 
Broad Bean, Vetch and Lentil. 

Phaselin. An albumin found in small quantity in the seeds of the 
Kidney Bean (Phaseolus vulgaris). 

Small quantities of proteoses are found in most of the above seeds. 

Expt. 132. Extraction of the proteins of the Pea (Pisuni sativum) (Osborne and 
Campbell, 11, 12; Osborne and Harris, 13). As we have seen (Expt. 121), a certain 
amount of protein, including globulin, goes into solution when ground peas are ex¬ 
tracted with water. A more complete method of extraction is as follows. Grind in 
a coffee-mill 20-30 gms. of peas, add to the ground mass 50-60 c.c. of 10 °/ 0 sodium 
chloride solution and allow the mixture to stand for 1-2 hrs. Then filter off and 
saturate the filtrate with solid ammonium sulphate. The globulins, legumin and 
vicilin, are precipitated out. Filter off the precipitate, and then take up in dilute 
ammonium sulphate saturated) and add saturated ammonium sulphate in the 
proportion of 150 c.c. to every 100 c.c. of the solution saturation). The legumin 
is precipitated and can be filtered off. Saturate the filtrate with ammonium sulphate: 
the vicilin is precipitated and can be filtered off. Dissolve up a little of each preci¬ 
pitate in 10 % sodium chloride, and boil. The vicilin is coagulated, but the legumin is 
not. Then dissolve up the remainder of the precipitates in dilute ammonium sulphate? 
and test both the solutions for protein by the usual reactions [Expt. 121, (a)-(d)\ 

The albumin, legumelin, which occurs only in small quantities in the seeds, can 
be obtained by dialyzing a water extract of the ground peas until all the globulin is 
precipitated. On filtering and heating the filtrate, a coagulum of legumelin is formed. 

Proteins of fa t-containing Seeds. 

Of the seeds which contain fat as a reserve material, those investi¬ 
gated have been found, in contrast to the cereals, to contain largely 
globulin as reserve protein. In many cases these globulins have been 
obtained in crystalline form after extraction from the plant. 

The Hemp-seed (Cannabis sativa) contains one of the best-known 
crystalline globulins, namely edestin. Pure neutral edestin is insoluble 
in water but soluble in salt solutions. In the presence of acid, however, 
edestin forms salts which are insoluble in salt solutions. Hence a 
solution of edestin in sodium chloride is precipitated by even small 
quantities of acids, and, conversely, a solution of edestin in acid is 
precipitated by small quantities of salt (Osborne, 8). 

Expt 133. Extraction and crystallization of edestin from Hemp-seed. Take 50 gms. 
of hemp-seed and grind in a coffee-mill. Put the ground seed in a large evaporating 
dish and add 200 c.c. of 5 % sodium chloride solution. Heat with a small flame and 
stir constantly. A thermometer should be kept in the dish, and the liquid must not 
rise above 60° C. Filter off, in small quantities at a time, keeping the solution in the 
dish warm. On cooling, the edestin separates out from the filtrate more or less ia 
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crystals. To obtain better crystals, filter off the edestin that has been dej)osited, and 
pour the filtrate into a dialyzer; add a little toluol, and suspend the dialyzer in 
running water. As soon as it is cloudy, examine the dialyzed solution for crystals 
under the microscope. Add a little 5% sodium chloride solution to the original 
precipitate of edestin in the filter. Make with the filtrate the following tests: 
(i) The tests for proteins [Expt. 121, (a)-(d\ except Milloffs]. (ii) Boil a little of the 
solution: it is imi>erfectly coagulated, (iii) Add a little acid: edestin chloride is 
precipitated. 

In the Castor-oil seed (Ricinus communis) there is also present a 
globulin which can be obtained in a crystalline form by the method of 
Expt. 134 In addition, there is present an albumin, ricin, which has 
peculiar toxic properties (Osborne, 8). 

A well-crystallized globulin can be obtained from the Linseed (Linuvi 
usitatissimum), and a globulin, excelsin, from the Brazil nut (Bertholletuv 
excelsa ) also in crystalline or semi-crystalline form. Similar globulins 
can be extracted from a number of other seeds, i.e. Coconut (Cocos 
nucifera), Sunflower ( Helianthm annuus), Cotton-seed ( Gossypium her- 
baceum), Mustard-seed ( Brassica alba) and many others. The fat is first 
removed from the ground seed by ether or benzene; the residue is then 
extracted with dilute sodium chloride and the extract dialyzed. 

Expt. 134. Extraction of the globulin from Ricinus. Weigh out about 50 gms. of 
Ricinus seeds, take off the testas and pound in a mortar. Extract the oil by the 
method given in Expt. 82. After extracting the oil, grind up the residue again in a 
mortar, and then treat it with about twice its bulk of 10 % sodium chloride solution 
for 6-12 hrs. Filter successively through muslin and filter-paper and dialyze the 
filtrate. The globulin will be precipitated in semi-crystalline spheroids. When 
the bulk of the globulin has separated out, filter off the precipitate, and dissolve it 
in as dilute a sodium chloride solution as possible. Make the following tests with 
the solution: (i) The tests for proteins [Expt. 121, (a)-(d), except Millon’s]. (ii) Boil 
a little of the solution : the coagulation is not complete, (iii) Add a little hydrochloric 
acid: a precipitate is formed. 

Expt. 135. Extraction of the globulin from Linseed (Osborne, 7, 8). Weigh out 
about 50 gms. of Linseed and grind it in a coffee-mill. Extract the oil as in Expt. 82. 
Treat the residue with about twice its bulk of 10 % sodium chloride solution for 
6-12 hrs. Then filter through muslin and filter-paper, and dialyze the filtrate. 
Th& globulin separates out in octahedra. Filter off the protein, and take up in 
dilute sodium chloride. Test the solution as in the case of Ricinus globulin in the 
previous experiment. 

Expt. 136. Extraction of the globulin (excelsin) from the Brazil nut (Osborne, 8). 
Weigh out about 100 gms. of the nut, free from the testas, and, after pounding in a 
mortar, extract the oil by the usual method. Then proceed as in the two previous 
experiments. The protein separates out in semi-crystalline spheroids. Filter off the 
precipitated excelsin, and dissolve in dilute sodium chloride solution. Make with 
it the tests as for the globulins in the last two experiments. 
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The Amino-acids. 

There is every reason to believe, since they always arise in hydrolysis 
of proteins, that amino-acids are universally distributed in the plant. 
It is, however, difficult to isolate and detect them, except in certain 
special cases, as, for instance, in germinating seeds when a large store 
of protein is being rapidly hydrolyzed and translocated. The following 
is a short account of the occurrence of some of the amino-acids in the 
free state (see also p. 120). 

Valine has been isolated from seedlings of the Vetch (V%da), Lupin 
(Lupinus) and Kidney Bean ( Phaseolus ). It is present in larger amounts 
in etiolated seedlings of Lupin than in the green plants. 

Leucine is widely distributed. It has been isolated from seedlings 
of Vida, Vegetable Marrow ( Gucurbita ), Lupinus , Pea ( Pisum ) and 
Goosefoot ( Ghenopodium ). It has also been found in Phaseolus, Water 
Ranunculus {Ranunculus aquatilis), buds of Horse Chestnut {Aesculus 
Hippocastanum) and in small quantities in Potato tubers and other 
plants. 

Isoleucine has been extracted from seedlings of Vida saliva. 

Aspartic acid. The amide of this acid, i.e. asparagin, 
conh 2 * ch 2 • chnh 2 * COOH 

is widely distributed in plants. It is present in shoots of Asparagus 
from which it derives its name. It has also been extracted in very 
considerable quantities from etiolated seedlings of Vida, Lupin, and from 
various plants such as Potato, Dahlia, Garden Nasturtium ( Tropaeolum ), 
Gucurbita and Sunflower {Helianthus). 

Glutaminic acid. The amide, again, of this acid, i.e. glutamine, 
conh 2 • ch 2 • ch 2 • chnh 2 • COOH 

is widely distributed. It has been isolated from seedlings of Gucurbita, 
Lupinus, Helianthus, Castor-oil plant {Ricinus), Spruce Fir (Picea excelsa) 
and a number of Cruciferae. 

Arginine has been isolated from seedlings of Lupinus, Gucurbita , 
Vida, and Pisum. It is especially abundant in the seedlings of some 
Coniferae, i.e. Picea excelsa, Silver Fir {Abies pectinata) and Scotch Fir 
{Pinus sylvestris). It also occurs in roots and tubers, as for instance in 
those of the Turnip (Brassica campestris). Artichoke (Helicmthus tubero - 
sus), Chicory ( Gichorium Intybus), Beet (Beta vulgaris), Potato and 
Dahlia, and in the inner leaves of the Cabbage (Brassica oleracea). 


* 
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Lysine has been isolated from seedlings of Lupinus, Vida and 
Pisum. Also from the inner leaves of the Cabbage and tubers of the 
Potato. 

Phenylalanine has been isolated from seedlings of Lupinus luteus, 
Vida sativa and Phaseolus vulgaris . 

Tyrosine is very widely distributed. It is present in seedlings of 
Vida sativa , Gucurbita , Lupinus , Tropaeolum and tubers of Potato, 
Turnip, Dahlia, Beet and Celery. Also in berries of Elder ( Sambuous ), 
in Clover ( Trifolium ), Bamboo (B ambus a) shoots and other plants. 

Proline has been isolated in very small quantities from etiolated 
seedlings of Lupinus albus. 

Histidine has been isolated from seedlings of Lupinus and tubers of 
Potato. 

Tryptophane has been isolated from seedlings of Ijupinus albus and 
Vida sativa. 

The Proteases. 

We have seen in the previous pages that proteins can be hydrolyzed 
artificially with the intermediate production of proteoses and peptones, 
and the final production of a number of amino-acids. There is no doubt 
that this process of hydrolysis takes place in the living plant, and it is 
believed that the converse process, the synthesis of these proteins from 
amino-acids, also takes place in the cell. 

There is evidence that this hydrolysis of proteins is catalyzed by 
certain enzymes which have been termed proteases. On analogy with 
other enzymes, we may suppose that these enzymes also catalyze the 
synthesis of the proteins. 

It seems highly probable that the proteases are of two types: 

1. Pepsin-like enzymes, which catalyze the hydrolysis of proteins to 
peptones, and, in all probability,,the reverse process. 

2. Erepsin-like enzymes, which catalyze the hydrolysis of albumoses 
and peptones to amino-acids, and, in all probability, the reverse process. 

We now turn to the evidence for the existence of proteases. In 
autolysis (see p. 19) the hydrolytic activity of many enzymes is un¬ 
controlled, and in the case of the proteins, the amino-acids are formed 
,as end-products. Amino-acids are rarely present in plants in sufficient 
quantity to be detected readily, at any rate in small quantities of 
material, but if the tissues are put to autolyze at temperatures of38-40° 0., 
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the amino-acids then accumulate and can be detected. Of all the amino- 
acids the one which is most readily identified is tryptophane. If the autolyzed 
product is boiled, acidified and filtered to remove the remaining proteins, 
and, to the filtrate, bromine is added, drop by drop, the formation of a 
pink or purple colour will indicate the presence of free tryptophane, and 
hence it may be assumed that protein-hydrolysis has taken place. 
Probably the formation of amino-acids in autolysis is a universal property 
of plant tissues, for tryptophane has been detected on autolysis of many 
different parts of plants. Examples are the germinating seeds of the 
Bean (Vida Faba), Scarlet Runner ( Phaseolus multiflorus), Pea ( Pisum 
sativum), Lupin (Lupinus hirsutus) and the Maize (Zea Mays) : and in 
ungerminated seeds of the above, though less readily. It is also said to 
be formed on autolysis of leaves of Spinach ( Spinacia ), Cabbage (Brassica), 
Nasturtium ( Tropaeolum majus), Scarlet Geranium (Pelargonium zonale) 9 
Dahlia ( Dahlia variabilis) and others: also of fruits of Melon ( Gucumis 
Melo), Cucumber ( Gucumis sativus ), Banana ( Musa sapiehtum ), Tomato 
(. Lycopersicum esculentum) and others: of bulbs of the Tulip (Tidipa), 
Hyacinth (. Hyacinthus orientalis) and underground roots of Turnip 
(Brassica), Carrot ( Caucus Garota) and Beet (Beta vulgaris) (Vines, 
16-24; Blood, 3; Dean, 5, 6). 

Eoopt. 137. The formation of tryptophane on autolysis of resting seeds. Grind up 
in a coffee-mill 15 gms. of Mustard ( Brassica alba) seed. Transfer to a flask, and add 
100 c.c. of distilled water and about 2 c.c. of toluol. Plug the mouth of the flask 
with cotton-wool and put in an incubator for 3 days. Then filter off* the liquid, boil 
the filtrate and add a few drops of acetic acid. Filter off any precipitate formed, 
cool the filtrate and add bromine water slowly and carefully drop by drop , shaking 
well after each drop. A pink or purple colour denotes the presence of tryptophane. 
Excess of bromine will destroy the colour. Then shake up with a little amyl 
alcohol. The purple colour will be extracted by the amyl alcohol which will rise to the 
top of the water solution. A control experiment should be made using 10 gras, of 
seed which has been well boiled with water in an evaporating dish. 

It has been assumed that the formation of amino-acids from proteins 
on autolysis is the outcome of two processes, the hydrolysis of proteins 
to peptones by pepsins, and the hydrolysis of peptones to amino-acids 
by erepsins. 

The next point to be considered is the possibility of detecting these 
two classes of enzymes separately. If either the pulp, or water extract, 
of various plant tissues be added to peptone solution and allowed to 
incubate at 38° C., tryptophane can be readily detected after a day or 
two. This has been found to be true for the tissues of many seeds, 
seedlings, roots, stems, leaves and fruits (such as those already mentioned 
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above and others); the result indicates the wide distribution of an 
erepsin type of enzyme. The detection of this enzyme is facilitated 
by the addition of the artificial supply of peptone. 

Expt. 138. The detection of erepsins in plants. 

(a) In resting seeds. Grind up 10 gins, of seeds in a coffee-mill, and add 100 c.c. 
of water, 0*2 gm. of Witte’s peptone and a little toluol. Incubate for 2-3 days. The 
following seeds may be used: Hemp ( Cannabis sativa), Oastor-oil {Ricinus communis). 
Pea (Pisum sativum), Scarlet Eunner (Phaseolus multiflorus), Broad Bean ( Vida 
Faba) and fruit of Wheat ( Triticum vulgare). Test for tryptophane. Controls 
should be made in these and the following cases. 

(b) In germinating seeds. Take 10 germinating peas, pound in a mortar, add 
100 c.c. of distilled water, 0*2 gm. of Witte’s peptone, and a little toluol. Incubate 
for 3 days. Test for tryptophane. 

(c) In leaves. Pound up a small cabbage leaf, add 100 c.c. of water, 0*2 gm. of 
Witte’s peptone and a little toluol. Incubate for 3 days. Test for tryptophane. 

(d) In roots. Pound up about 20 gms. of fresh carrot root. Add about 100 c.c. of 
water, 0*2 gm. of Witte’s peptone and a little toluol. Incubate for 3 days. Test for 
tryptophane. 

The pepsin type of enzyme is less readily detected. It has long 
been known that the pitchers of the Pitcher-plant {Nepenthes) secrete 
an enzyme which digests fibrin. A few other cases of protein-digesting 
enzymes are well known, such as the so-called “ bromelin ,, 'from the fruit 
of the Pine-apple {Ananas sativus), “cradein ” from the latex and fruit of 
the Fig {Ficus) and “ papain ” from the fruit and leaves of the Papaw 
Tree {Garica Papaya). Such enzymes were formerly termed “vegetable 
trypsins” as they were thought to be of the type of animal trypsin which, 
alone, hydrolyzes proteins to amino-acids. On analogy with the results of 
research with other enzymes, it seems likely that “ papain,” “ cradein ” 
and u bromelin ” are all mixtures of pepsin and erepsin. In addition to 
these better known cases, it has also been stated that fibrin is digested 
by extracts or pounded pulp of the fruits of the Cucumber and the 
Melon, the “ germ ” (embryo) of Wheat, the bulbs of Tulip and Hyacinth, 
the seedlings of the Bean, Pea, Scarlet Runner, Lupin and Maize, and 
the ungerminated seeds of the Pea, Lupin and Maize. These have also 
been shown to contain erepsin. 

A separation of pepsin from erepsin has been achieved in the case 
of the seeds of the Hemp {Cannabis sativa) by means of the different 
solubilities of the two enzymes in water and salt solutions. 

Expt. 139. The extraction and the separation of the two enzymes, erepsin and 
pepsin, from Hemp-seed (Cannabis sativa) (Vines, 22). Weigh out 50 gms. of hemp-seed, 
grind it in a coffee-mill and extract with 250 c.c. of 10 % sodium chloride solution. 
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Allow the mixture to stand all night and then filter. Both operations should be 
carried out at as low a temperature as possible. Measure the filtrate, and add acetic 
acid to the extent of 0*2%. A dense precipitate is formed. Filter again, keeping as 
cool as possible. 

The acid filtrate contains the erepsin, but not the pepsin. Measure out 40 c.c. 
into each of three small flasks, and add the following: (i) 0*2 gm. of Witte’s 
peptone, (ii) the same, only boil the whole solution, (iii) 0*2 gm. of carmine fibrin 1 . 
Add a little toluol to all three flasks, plug with cotton-wool, and incubate for three 
to four days. Test for tryptophane in flasks (i) and (ii); the first gives a marked 
reaction, the second little or no reaction. The fibrin in (iii) will remain unaltered. 

The precipitate produced by the acetic acid is then washed on the filter twice 
with 100 c.c. of 10 % sodium chloride solution, containing 0*2 °/ 0 acetic acid, to 
remove traces of erepsin. The precipitate is then treated with about 70 c.c. of 
water, allowed to stand for a time, and then filtered. The filtrate is divided into 
three equal portions. Add the following respectively: (i) 0*1 gm. of carmine fibrin, 

(ii) the same, but the solution is boiled, (iii) 0*2 gm. of Witte’s peptone. Add a 
little toluol to all three flasks, plug with cotton-wool and incubate for 3-4 days. 
The fibrin will be seen to digest slowly in flask (i): (ii) will show no digestion, and 

(iii) will give no tryptophane reaction. 
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CHAPTER IX 


GLUOOSIDES AND GLU COSIDE-SPLITTING ENZYMES 

Attention has been drawn to the fact (Chapters v and vir) that in the 
plant, compounds containing hydroxyl groups often have one or more of 
these groups replaced by the C 6 H n O s — residue of glucose. Such com¬ 
pounds are termed glucosides. The substances in which this substitution 
most frequently occurs are of the aromatic class, and the glucosides may 
be regarded, on the whole, as ester-like compounds of carbohydrates 
with aromatic substances. The non-sugar portion of the glucoside may 
vary widely in nature, and may be, for instance, an alcohol, aldehyde, 
acid, phenol, flavone, etc. The sugar constituent is most frequently 
glucose, but pentosides, galactosides, mannosides and fructosides are also 
known. Sometimes more than one monosaccharide takes part in the 
composition of the glucoside. (These various relationships are shown in 
the accompanying table.) The inclusion of all glucosides in a class is 
in a sense artificial: the character held in common (with very few 
exceptions) is that, on boiling with dilute acids, or, by the action of 
enzymes, hydrolysis takes place, and the glucoside is split up into 
glucose (or other sugar) and another organic constituent. A number of 
compounds occurring as glucosides have already been dealt with, for 
example, the tannins and flavone, flavonol and anthocyan pigments, but, 
in these cases, the significance of the compounds lies rather in the 
nature of their non-sugar constituents than in the fact of their being 
glucosides. 

There are, however, a number of glucosides which have been grouped 
-together and are more readily classified in this way than in any other. 
Some of them, doubtless, have come into prominence as glucosides on 
account of their association with well-known and specific enzymes, as, 
for instance, the glucoside amygdalin associated with the enzyme eraul- 
sin, and the glucoside sinigrin with the enzyme myrosin. 

The hydrolyzing enzymes are by no means always specific, for in 
vitro one particular enzyme may be able to hydrolyze several glucosides. 
Many glucoside-splitting enzymes have been described, though there is 
no reason to suppose that each glucoside is only acted upon by an 
enzyme specific to that glucoside. It is likely moreover that some of 
the different enzymes described will probably prove to be identical. 

In some cases where more than one monosaccharide is attached to 
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the glucoside, the different sugar groups are removed separately by 
different enzymes (see later, emulsin, p. 145). 

The glucosides as a whole (except flavone, flavonol and anthocyan 
pigments) are colourless crystalline substances. When extracting them 
from the plant, it is usually necessary to destroy the accompanying 
enzyme by dropping the material into boiling alcohol or some other 
reagent (see autolysis, p. 19). 

In Chapter v it has already been mentioned that ^-glucose exists in 
two stereoisomeric forms, the a and the /3 form. 

It was also pointed out that the glucosides can be classed either as 
a- or /3-glucosides, according to whether the a or the /3 form of glucose 
combines with the non-glucose residue. 
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Maltose, for instance, is regarded as an a-glucoside of ^-glucose. It 
has been further shown that the enzyme maltase can only hydrolyze 
a-glucosides, whereas other enzymes, e.g. the prunase component of 
emulsin, only act on /3-glucosides. 

The various glucosides considered in detail in this chapter together 
with some others are grouped under the following headings (Arm¬ 
strong, 8): 

Glucoside Plant in which commonly Products of hydrolysis 

found 

Alcohols 

Coniferin (Coniferae, Beta, Asparagus, Glucose + coniferyl alcohol 

Scorzomra) 

Populin (Pomdus) Glucose 4- saligenin 4- benzoic acid 

Salicin (Satis, Populus) Glucose 4- saligenin 

Syringin (Ligustmm, Syringa, Jasmi- Glucose-fsyringenin 

num) 


Amygdalin 

(. Prwms , Pyrus) 

Aldehydes 

Glucose 4- benzaldehyde 4- prussic 

Dhurrin 

• (Sorghum) 

acid 

Glucose 4- parahydroxybenzaldehyde 

Linamarin 

(. Linum,, Phaseolus) 

4-prussic acid 

Glucose 4- acetone 4- prussicacid 
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Glu coside 

Prulaurasin 

Prunasin 

Sambunigrin 

Vicianin 


Plant in which commonly 
found 

(Prunus) 

( Cerasus, Primus) 

(, Sambucus ) 

( Vida) 


Products of hydrolysis 
Aldehydes (cont.) 

Glucose + benzaldehyde 4 prussic 
acid 

Glucose + benzaldehyde 4 prussic 
acid 

Glucose 4 benzaldehyde 4 - prussic 
acid 

Vicianose 4 benzaldehyde 4 prussic 
acid 


Gaultherin 

Strophanthin 


( Gaidtheria, Spiraea) 
(Strophanthus) 


Adds 

Glucose 4 methyl salicylate 
Mannose 4 - rhamnose+strophanthi¬ 
din 


Arbutin 
Hesperidin 
Nar ingin 
Phloridzin 


(Ericaceae) 
( Citrus) 
(Citrus) 
(Rosaceae) 


Aesculin 

Fraxin 


(Aesculus) 

(Fraxinus) 


Glucotropaeolin 

Sinalbin 

Sinigrin 


( Tropaeolum, Lepidium) 
(Brassica alba) 

(Brassiea nigra) 


Phenols 

Glucose 4 hydroquinone 
Glucose 4 rhamnose 4 hespere tin 
Glucose 4 rhamnose 4 narigenin 
Glucose 4 phloretin 

Coumarin derivatives 
Glucose 4 aesculetin 
Glucose 4 fraxetin 

Mustard-oils 

Glucose 4 benzyl isothiocyanate 4 
potassium hydrogen sulphate 
Glucose 4 -sinapin acid sulphate 4 * 
acrinylisothiocyanate 
Glucose 4 allyl isothiocyanate 4 * 
potassium hydrogen sulphate 


Apiin 

Isoquercitrin 

Lotusin 

Myricitrin 

Quercitrin 

Robinin 

Rutin 


(Carum) 

(Oom/pium) 

(Lotus) 

(Myrica) 

(Quereus, Fraxinus, Thea) 

(Hobinia) 

(Ruta, Capparis, Polygonum) 


Flavone and flavonol pigments 
Apiose 4 - apigenin 
Glucose 4 - quercetin 
Glucose 4 - prussic acid 4 - lotofiavin 
Rhamnose 4 - myricetin 
Rhamnose 4 * quercetin 
Rhamnose + galactose 4 - kaenapferol 
Glucose 4 - rhamnose 4 - quercetin 


Cyanin 

Delphinin 

Malvin 

Oenin 

Peonin 

Pelargonin 


(Centaurea, Rosa ) 
(Delphinium) 

(Malva) 

(Vitis ) 

(Paeonia) 

(.Pelargonium, Centaurea) 


Antkocyan pigments 

Glucose 4 - cyanidin 
Glucose -f oxybenzoic acid 4 - delphi- 
nidin 

Glucose 4 * malvidin 
Glucose -f oenidin 
Sugar 4 peonidin 
Glucose 4 pelargonidin 


Aucubin 
Digital in 
Indican 


(Aucuba, Plantago) 

(Digitalis) 

(Indigofera) 


Various constituents 
Glucose 4 aucubigenin 
Glucose 4 digitalose 4 digitaligemn 
Glucose 4 indoxyl 
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Cyanophoric Glucosides. 

The characteristic of these substances is that they yield prussic acid 
as one of the products of hydrolysis. They are fairly widely distributed: 
the following list (Greshoff, 15) includes most of the natural orders in 
which such glucosides occur: Araceae, Asclepiadaceae, Berberidaceae, 
Bignoniaceae, Caprifoliaceae, Celastraceae, Compositae, Convolvulaceae, 
Cruciferae, Euphorbiaceae, Graminaceae, Leguminosae, Linaceae, 
Myrtaceae, Oleaceae, Passifloraceae, Ranunculaceae, Rhamnaceae, 
Rosaceae, Rubiaceae, Rutaceae, Saxifragaceae, Tiliaceae and Urticaceae. 

Amygdalin. This is one of the most important of the cyanophoric 
glucosides. It occurs in the seeds of the bitter Almond (Prunits 
Amygdalus) but it appears to be almost entirely absent from the sweet 
or cultivated Almond. It also occurs in the seeds of the other species of 
Prunus —the Plum (P. domestica), the Peach (P. Persicq), etc.—of the 
Apple (Pyrus Malus) and the Mountain Ash (P. Aucujjaria). It occurs 
sometimes in leaves, flowers and bark. • 

By the action of an enzyme, originally termed emulsin, which occurs 
in both the bitter and the sweet varieties of Almond, the glucoside is 
broken up as follows in two stages: 

G20H27NO11 +• H a O = C f jH 12 0 6 4 - C 14 H I7 NO 0 

mandelonitrile glucoside (prunasin) 

C 14 H 17 N 0 6 + H a O = C 6 H 12 0 g +• HCN + C 6 H 5 CHO 

benzaldehyde 

It should be noted that the sweet Almond contains emulsin although 
it is almost entirely free from amygdalin. 

Recently (Armstrong, Armstrong and Horton, 8) emulsin has been 
shown to consist of two enzymes, amygdalase and prunase: amygdalase 
hydrolyzes amygdalin with formation of mandelonitrile glucoside and 
glucose, whereas prunase hydrolyzes mandelonitrile glucoside (prunasin) 
with formation of benzaldehyde, prussic acid and glucose. On the basis 
of these reactions amygdalin is represented as: 


CH 2 OH CHOH CH CHOH CHOH CH • O • CH 2 CHOH CH CHOH CHOH CH * O • CH 


Prunasin occurs naturally in the Bird Cherry (Cerasus Padua ), and 
it is found that prunase may exist in a plant, e.g. Cherry Laurel 
(P. Lauroceroaus), which does not contain amygdalase. 
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Prulaurasin ( laurocerasin ) is a glucoside occurring in the leaves of 
the Cherry Laurel (Primus Laurocerasus). It has been represented as 
racemic mandelonitrile glucoside, prunasin being the dextro form. 

Sambunigrin is a glucoside occurring in the leaves of the Elder 
(Sambucus nigra). It has been represented as laevo mandelonitrile 
glucoside. 

When tissues containing cyanophoric glucosides and their corre¬ 
sponding enzymes are submitted to autolysis, injury, or the action of 
chloroform, hydrolysis takes place (see autolysis, p. 19). A rapid 
method (Mirande, 17; Armstrong, 5) for detecting the prussic acid is to 
insert paper dipped in a solution of sodium picrate into a tube con¬ 
taining the plant material together with a few drops of chloroform. In 
the presence of prussic acid the paper becomes first orange and finally 
brick-red owing to the formation of picramic acid. 

In addition to those previously mentioned there are other British 
plants, the leaves of which give off prussic acid on autolysis (presumably 
from cyanophoric glucosides), as for example the Columbine (Aquilegia 
vulgaris), Arum (Arum maculatum), Hawthorn (Crataegus Oxyacantha), 
Reed Poa (Glyceria aquatica), Bird’s-foot Trefoil (Lotus corniculatus), 
Alder Buckthorn (Rhammis Frangula), Black and Red Currant and 
Gooseberry (Ribes nigrum, R. rubrum, R. Grossularia), Meadow Rue 
(Thalictrum aquilegifolium) and the Common and Hairy Vetches ( Vida 
sativa and V. hirsuta). 

It has been shown (Armstrong, 7) that of the species L. corniculatus 
there is a variety (L. uliginosus) (taller and growing in moister 
situations) which does not produce cyanophoric substances and hence 
does not give off prussic acid on autolysis. 

Expt. 140. Method of detection of cyanophoric glucosides in the plant Take three 
flasks: in one put a whole leaf of the Cherry Laurel {Prunus Lawrocerams) : in the 
second a leaf which has been torn in pieces and then either pricked with a needle or 
pounded in a mortar: in the third a leaf with a few drops of chloroform. Cork all 
three flasks, inserting with the corks a strip of sodium picrate paper. (The paper is 
prepared in the following way: strips of filter-paper are dipped in a 1 % solution of 
picric acid, are then suspended on a glass rod and allowed to dry in air. Before 
using, the paper is moistened with 10 % sodium carbonate solution and is suspended 
in the moist condition just above the material to be examined. In the presence of 
prussic acid, the paper first becomes orange-yellow, then orange and finally brick-red.) 
In a short time the paper in the flask containing the leaf and chloroform will turn red : 
in the flask with the injured leaf, the reddening will take place ratherjrnore slowly, 
whereas in the case of the entire leaf, the paper will remain yellow. 

The above experiment may also be carried out, usually with success, on leaves of 
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the Columbine ( Aquilegia vulgaris ), the Arum {Arum maculatmn) and plants of the 
Bird 3 s-foot Trefoil {Lotus corniculatus ): also with bitter almonds and apple pips, and 
young shoots of Flax {Linum perenne). In the case of the seeds, these may be used 
crushed, both with and without chloroform, the uninjured seed being used as a 
control. 

Expt. 141. Preparation of amygdalin. Weigh out 100 gms. of bitter almonds. 
Eemove the testas by immersing them for a short time in boiling water. Then 
pound up the almonds well in a mortar and transfer to a flask. Add about 
200-300 c.c. of ether and allow the mixture to stand for 2-12 hours. Filter off the 
ether and extract again with fresh ether. The greater part of the fat will be removed 
in this way. Then dry the residue from ether and, as rapidly as possible, extract 
twice or three times with boiling 90-98 % alcohol which removes the amygdalin. 
The residue, after ether extraction, contains both amygdalin and emulsin, and, if 
allowed to stand, the emulsin will hydrolyze the amygdalin: hence the necessity for 
rapid extraction with alcohol. Evaporate the filtered alcoholic extract on a water- 
bath or, better, distil in vacuo to a small bulk. Then add an equal volume of ether 
and allow the mixture to stand for a time. The amygdalin separates out on standing. 
Filter off the precipitate, dissolve in a little hot water and allow to crystallize in a 
desiccator. 

Expt. 142. Preparation of emulsin (Bourquelot, 10). Weigh out 25 gms. of 
sweet almonds. (Bitter almonds can also be used. The sweet variety is preferable; 
since from them the emulsin can be more readily prepared free from amygdalin.) 
Plunge them for a moment into boiling water and remove the testas. Pound 
thoroughly in a mortar, and extract the bulk of the oil with ether as in the last 
experiment. Then grind up the residue with 50 c.c. of a mixture of equal parts of 
distilled water and water saturated with chloroform and allow the whole to stand 
for 24 hours. • Filter by means of a filter-pump, and to the filtrate add glacial 
acetic acid (1 drop to 15 c.c. of the filtrate) whereby the protein is precipitated. 
Again filter, and to the filtrate add 3-4 times its volume of 96-98 °/o alcohol. The 
emulsin is deposited as a white precipitate. Filter off the precipitate and dissolve it 
in about 100 c.c. of cold distilled water. 

Expt. 143. (a) To demonstrate the hydrolysis of amygdalin by emulsin. Into 
each of two flasks put 50 c.c. of a 1-3 % solution of amygdalin. To one flask add 
25 c.c. of the emulsin solution prepared in the last experiment. To the other flask 
add 25 c.c. of enzyme solution after it has been well boiled, and again boil the 
mixture after adding the enzyme. Fit each flask with a cork and spdium picrate 
paper. The paper in the flask containing the unboiled enzyme will rapidly turn red, 
the control remaining yellow. Unless both the enzyme and the amygdalin solution 
are well boiled in the case of the control, the paper may show reddening in time on 
account of traces of prussic acid present in both solutions. . 

(b) Simplified method for extraction of amygdalin and emulsin, and demonstra¬ 
tion of hydrolysis of amygdalin by emulsin. Take 12 bitter almonds. Eemove the 
testas by immersing them for a short time in boiling water. Then pound up the 
almonds well in a mortar and transfer to a flask. Add about 50 c.c. of alcohol and 
heat to boiling on a water-bath. Filter off the extract, and evaporate it to dryness 
on a water-bath. The residue will contain amygdalin. 
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Take six sweet almonds and remove the testas as before. Pound in a mortar and 
transfer to a flask. Add a little ether and allow to stand for a short time. Pour off 
the ether, and add a little more which should again be poured off This removes some 
of the fat and makes extraction of the emulsin easier. Then extract the residue 
with about 40c.c. of distilled water and filter. The filtrate contains the enzyme 
emulsin. 

Take 10c.c. of the emulsin solution, and divide it into two portions in two test- 
tubes. Boil one well (see Expt. 143 a), and to both add equal quantities of a water 
extract of the amygdalin prepared above. Cork the tubes and insert picric paper 
with the cork in each case. 

It has been found, as previously mentioned, that emulsin can 
hydrolyze other glucosides, as for instance, salicin (see pp. 48,152). On 
hydrolysis, salicin splits up into salicylic alcohol (saligenin) and glucose. 
Salicin, itself, gives no colour with ferric chloride but saligenin gives a 
violet colour, and by means of this reaction the course of the hydrolysis 
can be followed. 

Expt. 144. To demonstrate the hydrolysis of salicin by emulsin. To 10 c.c. of a. 
1 % solution of salicin in a test-tube add 10 c.c. of the emulsin solution prepared in 
Expt. 142 or 143. As a.control boil in a second test-tube another 10 c.c. of the 
emulsin solution and add 10 c.c. of salicin solution. After about an hour, add to 
both test-tubes a few c.c. of strong ferric chloride solution. A purple colour will be 
given in the first test-tube but no colour in the control. The process of hydrolysis 
will be accelerated by placing the tubes in an incubator. 

A modification can be made as follows. A second pair of test-tubes should 
be prepared as before and to both sufficient ferric chloride should be added to give a 
faint yellow tinge. The unboiled mixture will gradually acquire a purple colour at 
ordinary temperature. 

Other cyanophoric glucosides are dhurrin, phaseolunatin (linamarin),. 
lotusin and vicianin. 

Dhurrin occurs in seedlings of the Great Millet {Sorghum vulgare). 
On hydrolysis it yields glucose, prussic acid and parahydroxybenzalde- 
hyde (C„H 4 * OH * OHO). It is hydrolyzed by emulsin. 

Phaseolunatin occurs in seeds of the wild plants of Phaseolus 
Iwnatus and in seedlings of Flax (Linum). It is associated with an 
enzyme which hydrolyzes it into acetone, glucose and prussic acid. 

Lotusin occurs in lotus arabicus. On hydrolysis by an accompanying 
enzyme (lotase) it gives glucose, prussic acid and a yellow pigment,, 
lotoflavin. 

Vicianin occurs in the seeds of a Vetch (Vida angustifolia). It is 
hydrolyzed by an accompanying enzyme into prussic acid, benzaldehyde 
and a disaccharide, vicianose. 
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Mustard-oil Glucosides. 

These are glucosides containing sulphur and they have been found 
chiefly among the Cruciferae. Sinigrin and sinalbin, the glucosides of 
mustard, have been most investigated. 

Sinigrin. This glucoside occurs in the seed of Black Mustard 
(Brassica nigra) and other species of Brassica. Also in the root of the 
Horse-radish (Oochlearia Armoracia). Sinigrin is hydrolyzed by the 
enzyme, myrosin (Guignard, 16; Spatzier, 18) (which occurs in the 
plant together with the glucoside), into allyl isothiocyanate, potassium 
hydrogen sulphate and glucose: 

Cio H i0O 9 NS 2 K + H 2 0 = a,H 5 NCS + C (5 H 12 0«+ KHS0 4 

Expt. 145. Extraction of sinigrin from Black Mustard. Weigh out 100 gms. of 
Black Mustard seed. Grind the seed in a coffee-mill and afterwards pound in a 
mortar. Heat 175 c.c. of 85 °/ 0 alcohol to boiling in a flask on a water-bath and add 
the pounded mustard, and after boiling about J hour, filter and press out the alcohol. 
Then put the dried cake of residue into 300 c.c. of water and allow the mixture to 
stand for 12 hours. Press out the liquid and after filtering and neutralizing with 
barium carbonate, concentrate in vacuo to a syrup. Then extract with 90 °/ 0 alcohol 
and filter. On concentrating and exposing in a crystallizing dish, the sinigrin 
separates out in white needles. 

Sinalbin occurs in the seeds of White Mustard (Bin apis alba). By 
myrosin it is hydrolyzed to jp-hydroxybenzylisothiocyanate, acid sinapin 
sulphate and glucose: 

+ H 2 0 = GgH 12 Og + C7H7ONCS 4- CjgH^OgNHSO4 

Expt. 146. Extraction of sinalbin from White Mustard. Weigh out 100 gins, of 
White Mustard seed. Grind and pound well and extract the fat with ether. Then 
extract with twice its weight of 85-90 °/ 0 alcohol several times and -well press out the 
alcohol. The extract is evaporated to half its bulk and filtered. On cooling the 
sinalbin separates out in crystals. 

Expt. 147. Preparation of myrosin. Weigh out 50 gms. of White Mustard seed and 
grind in a coffee-mill. Add 100 c.c. of water and allow the mixture to stand for 
12 hours. Then filter and allow the filtrate to run into 200 c.c. of 95-98 °/ 0 alcohol. 
A white precipitate is formed which contains the myrosin. Filter off the precipitate 
and wash on the filter with a little ether. 

Expt. 148. Action of myrosin on sinigrin. Put into two test-tubes equal quantities 
of a solution of the sinigrin prepared in Expt. 145. Dissolve some of the myrosin 
prepared in the last experiment in water and divide the solution into two parts. 
Heat one part to boiling and then add the two portions respectively to the two test- 
tubes of sinigrin. Plug both test-tubes with cotton-wool. After about \ hour a 
strong pungent smell of mustard oil, allyl isothiocyanate, will be detected in the 
unboiled tube. 

A more simple method of demonstrating the action of myrosin is as follows. 
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Pound about 5 gms. of Black Mustard seed in a mortar and then boil with water. 
Some mustard oil will be formed before the myrosin is destroyed, so that boiling 
should be continued until no pungent odour can be detected. Then filter and cool 
the solution and divide into two parts. To one add some myrosin solution. To the 
other an equal quantity of boiled enzyme solution. After £ hour the smell of allyl 
isothiocyanate should be detected in the unboiled tube. 

Saponins. 

These substances are very widely distributed, being found in the 
orders: Araliaceae, Caprifoliaceae, Combretaceae, Compositae, Cucurbi- 
fcaceae, Graminaceae, Guttiferae, Lecythidaceae, Leguminosae, Liliaceae, 
Loganiaceae, Magnoliaceae, Myrtaceae, Oleaceae, Piperaceae, Pitto- 
sporaceae, Polemoniaceae, Polygalaceae, Primulaceae, Proteaceae, 
Eanunculaceae, Rhamnaceae, Rosaceae, Rutaceae, Saxifragaceae, 
Thymelaeaceae and the majority of the orders of the cohort Centro- 
spermae. On hydrolysis with dilute mineral acids the saponins yield 
various sugars—glucose, galactose, arabinose, rhamnose—together with 
other substances termed sapogenins. 

The saponins are mostly amorphous substances readily soluble 
in water (except in a few cases) giving colloidal solutions. These 
solutions froth on shaking, and with oils and fats they produce very 
stable emulsions. By virtue of this property they have been used as 
substitutes for soap. The Soapwort ( Saponaria ) owes its name to the 
fact that the root contains a saponin. 

COUMAKIN GLUCOSIDES. 

These substances are hydroxy derivatives of coumarin, which itself 
may be represented as: 

CH = CH—CO 

x 0 __i 

U 

Aesculin is one of the best known of these glucosides. It occurs in 
the bark of the Horse Chestnut (Aesculus Bippocastcmum). On hydro¬ 
lysis with dilute acids it yields glucose and aesculetin, the latter being 
represented as: 

CH = CH—CO 

Ao—J 


HO \/ 
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Aesculin is characterized by giving in water solution a blue fluor¬ 
escence which can be detected even in great dilution. The fluorescence 
is increased in alkaline, and decreased in acid, solution. 

Expt. 149. Demonstration of the 'presence of aesculin in Aesculus bark. Strip off 
the bark from some young twigs of Aesculus and boil in a little water in an evaporating 
dish. Filter and pour the filtrate into excess of water in a large vessel. A blue 
fluorescent solution will be formed. 


Glucosides of Flavone, Flavonol and Anteocyan Pigments. 
These substances have already been considered in Chapter vn. 


Glucosides of various Composition. 


Coniferin. This glucoside occurs in various members of the Coniferae 
and also in Asparagus. On hydrolysis with mineral acids or emulsin, it 
breaks up as: 

ch = chch 2 oh 




4 - H.jO — C (5 H 12 O 0 -f 

Coniferin 


\yOCH, 


OH 

Coniferyl alcohol 


Arbutin. This glucoside is found in the leaves of the Bearberry 
(Arctostaphylos Uva-arsi), Pyrola, Vaccinium, and other Ericaceae and 
also of the Pear (Pyrus communis). 

On hydrolysis with acids arbutin yields hydroquinone and glucose: 


C 12 H ltf 0 7 + h 2 o ™ c 6 h 6 o 2 + c 6 h m o 6 

the same hydrolysis is brought about by the enzyme emulsin. 

It has been suggested that the darkening of leaves of the Pear 
(Bourquelot and Fichtenholz, 11,12,13) either on autolysis or injury, or 
at the fall of the leaf, is due to the hydrolysis of the arbutin by a gluco- 
side-splitting enzyme in the leaf, and subsequent oxidation of the 
hydroquinone so formed by an oxidase. 


Expt. 150. Extraction of arbutin from leaves oj the Pear (Pyrus communis). 
Weigh out 100 gms. of fresh leaves (without petioles). Tear the leaves into small 
pieces and drop them as quickly as possible into about 500 c.c. of boiling 96-98 % 
alcohol in a flask. Boil for about 20 mins., adding more alcohol if necessary. Then 
filter off the alcohol and pound up the leaf residue in a mortar and extract again with 
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boiling alcohol. Filter and distil off the alcohol from the extract in vacuo . Extract 
the residue with 100-200 c.c. of hot water and filter. Warm the filtrate and precipitate 
with lead acetate solution until no more precipitate is formed. This removes flavones, 
tannins, etc. but the arbutin is not precipitated. Filter and pass sulphuretted hydrogen 
into the filtrate to remove any excess of lead acetate. Filter and concentrate the 
filtrate in vacuo to a syrup. Then extract twice - with small quantities of ethyl acetate. 
Concentrate the ethyl acetate on a water-bath and cool. A mass of crystals of arbutin 
will separate out. This should be filtered off on a small filter, and recrystallized from 
ethyl acetate. Take up a little of the purified glucoside in water and add a drop or 
two of ferric chloride solution. A blue coloration will be given. 

Salicin. This substance occurs in the bark of various species of 
Willow ( Salix ) and Poplar ( Populus ): also in the flower-buds of the 
Meadow-Sweet (Spiraea Ulmaria). On hydrolysis with acids, or on 
treatment with emulsin, salicin is decomposed into saligenin or salicylic 
alcohol and glucose: 

C 13 H 18 0 7 + h 2 o = c 6 h 4 oh * CH 2 OH + C 6 H 13 O g 

Saligenin gives a violet colour with ferric chloride solution and in this 
way the progress of the reaction can be demonstrated (see also p. 148). 

Indican (see also p. 115). This glucoside occurs in shoots of the 
so-called “Indigo Plants,” Indigofera Anil , I. erecta , I. tinctoria , /. suma - 
trana: also in the Woad (Isatis tinctoria ), in Polygonum tinctoriwn and 
species of the Orchids, Phajus and Galanthe . When boiled with acid or 
hydrolyzed by an enzyme contained in the plant, it gives glucose and 
indoxyl: 



Indican Indoxyl 

The colourless indoxyl can be oxidized either artificially or by an 
oxidase contained in the plant to a blue product, indigotin or indigo. 



Indoxyl Indoxyl Indigo' 
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CHAPTEE X 


THE PLANT BASES 

There are present in plants a number of substances which form a 
group, and which may be termed nitrogen bases, or natural bases. 
These substances are of various constitution but they have the property 
in common of forming salts with acids by virtue of the presence of 
primary, secondary, or tertiary amine groupings. Such groupings confer 
a basic property upon a compound and, as a result, salts are formed 
with acids on analogy with the formation of ammonium salts: 

nh 3 + hci = nh 4 ci(nh 3 * hci) 

CH 3 NH 3 + HCI = CH 3 NH 3 • HCI 

methylamine 

(CH 3 ) 2 NH + HCI = (CH 3 ) 2 NH • HCI 
dimethylamirie 

(CH 8 ), N + HCI = (CH 3 ) 3 N * HCI 
trimetbylamine 

The hydrogen atoms of ammonia can also be replaced by groups of 
greater complexity, as will be seen below. 

Complex ring compounds in which nitrogen forms part of the ring 
are termed heterocyclic, such as the alkaloids, purines and some amines, 
for instance pyrrolidine (see below). 

The plant bases can be conveniently classified into four groups and 
this is also to a large extent a natural grouping. They are : 

1. Amines | 

2. Betaines j 

3. Alkaloids. 

4. Purine bases. 

The first two groups have been termed the simpler natural bases. 
They are much more widely distributed in the vegetable kingdom than 
' the alkaloids and purins, since they have probably much more significance 
in general metabolism. The isolation of the simpler bases is a matter of 
much greater difficulty than that of the alkaloids: the former are soluble 
in water but insoluble in ether and chloroform, and so are not readily 
separated from other substances. The alkaloids, however, occur in the 
plant as salts of acids and if the plant material is made alkaline the free 
bases can be extracted with ether or chloroform. 


Simpler natural bases. 
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The betaines are amino-acids in which the nitrogen atom is com¬ 
pletely methylated, and, with one or two exceptions, this grouping does 
not occur in the true alkaloids. The betaines have only feebly basic 
properties. 

The alkaloids, in contrast to the simpler natural bases, are rather 
restricted in their distribution, many being limited to a few closely 
related species or even bo one species. 

The purine bases are a small group of substances intimately related 
to each other and to uric acid. 


Amines. 


Methylamine, CH ; ,. NH 2 , occurs in the Annual and Perennial Dog’s 
Mercury (Mercurialis annua and iff. perennis) and in the root of the 
Sweet Flag (Acorus Calamus). 

Trimethylamine, (CH,).,. N, occurs in leaves of the Stinking Goose- 
foot (Chenopodium Vulvaria), in flowers of the Hawthorn (Crataegus 
Oxyacantha) and Mountain Ash (Pyrus Aucuparia), and in seeds of 
Mercurialis annua. 


Putrescine, NH., (CH S ) 4 . NH„, occurs in the Thorn Apple ( Batura) 
and tetramethylputrcscine in a species of Henbane (Hyoscyanms 
muticus). 

Hordenine occurs in germinating Barley grains. It is represented 


as: 


HoO 


CH 3 * CHjj * N(CH 3 ) a 


Pyrrolidine is said to occur in small quantities in leaves of the 
Carrot (Daucus Oarota) and Tobacco ( Nicotiana) leaves. It is repre¬ 
sented as: 


CH 3 —CH 2 


CH 2 CH t 

Xnh^ 


Other amines occur among the lower plants (Fungi). 

Choline is sometimes classified with the betaines. It is however 
intimately connected with the phosphatides (compounds of the fatty 
acids with phosphoric acid and nitrogen) which is not the case with the 
betaines. It may be represented as: 


,OH 

N< 

X CH* 


I* * CH g OH 
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Choline is very widely distributed in plants. It is a constituent of the 
phosphatide, lecithin, and is probably thereby a constituent of all living 
cells. It has been found in seeds of the Bean ( Vida Fabu ), Pea (Fisum 
sativum), Strophanthus, Oat (Avena sativa), Cotton (Gossypimn her- 
baceum). Beech (Fag us sylvatica), Fenugreek (Trigonella Foenum- 
graecum) and Hemp {Garm obis sativa) : in seedlings of Lupins, Soy 
beans, Barley and Wheat: in Potatoes and Dahlia tubers and in the 
subterranean parts of Cabbage (Brqssica napus). Artichoke (Ilelianthus 
tuberosus), Scorzonera hispanica, Chicory (Gichorium Intybus), Celery 
(Apium graveolens) and Carrot (D uncus Carota): aerial parts of Meadow 
Sage (Salvia pratensis) and Betony (Betonica officinalis), and many 
other tissues. It can only be isolated in very small quantify. 


Betaines. 


The betaines, as previously stated, arc amino-acids in which the 
nitrogen atom is completely methylated. Most betaines crystallize with 
one molecule of water; thus betaine itself in this condition probably has 
the following constitution, from which its relationship to glycine* or 
aminoacetic acid is indicated: 


OH 

CH 2 'COOH 

Betaine or hy droxy trim ethyl- 
aminoacetic acid 


(CH 3 ) 3 : 


N \ 


H.,N*CH,,'COOH 
Aminoacetic add 


When dried above 100° C., the betaines lose water and are represented 
as cyclic anhydrides; thus betaine becomes: 


(CH.,).,: N CO 

\ch/ 

The individual betaines, probably on account of their close connexion 
with proteins, are more widely distributed than the individual alkaloids. 
Further investigation may show an even more general distribution of 
betaines. 

Betaine or trimethylglycine occurs in all species of Chenopodiaceae 
so far examined including the sugar Beet {Beta vulgaris) from which it 
derives its name; in some genera only of the Amarantaceae; in the “Tea 
Plant” (Lycium barbarum): in seeds of Cotton ( Ootsypium herbacenm), 
Sunflower (Ilelianthus annum) and Oat (Avena sativa): in tubers of 
Artichoke ( HeUamthus tuberosus), shoots of Bamboo (Bambusa), leaves 
of Tobacco ( Nicotiana Tabacum ) and in malt and wheat germs. 
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Stachydrine, though a betaine, is included by most writers among 
the alkaloids, and this classification has been followed here (see p. 161); 
it is probably a derivative of prolfne (see p. 121). 

Betonicine, C 7 H 13 0 3 N, is also, like stachydrine, found in the Be tony 
(Betonica officinalis ). It is a derivative of oxyproline. 

H yP a Phorine or trimethyltryptophane, C 14 H 18 0 2 TS r 2 , occurs in the 
seeds of a tree, Erythrina Hypaphorus , which is grown for shade in 
Coffee plantations. 

Trigonelline, like stachydrine, is usually classed with the alkaloids 
(see p. 160) but it should probably be included among the betaines on 
account both of its structure and of its wide distribution. 

Other betaines, trimethylhistidine, ergothioneine, occur in the 
Fungi. 


Alkaloids. 

The plant alkaloids, so-called because of their basic properties, have 
attracted considerable attention on account both of their medicinal 
properties and, in many cases, their intensely poisonous character. They 
were also the plant -bases to be first investigated. As previously men¬ 
tioned they are not widely distributed, some being, as far as is known, 
restricted to one genus, or even species. Moreover, several closely 
related alkaloids are frequently found in the same plant. The orders in 
which they largely occur are the Apocynaceae, Leguminosae, Papa- 
veraceae, Ranunculaceae, Rubiaceae and Solanaceae. 

The alkaloids may be present in solution in the cell-sap in the 
young tissues, but in older and dead tissues they may occur in the solid 
state; they may be found throughout the plant or more abundantly in 
the seed, fruit, root or bark (quinine). 

The alkaloids are, as a rule, insoluble in water, but soluble in such 
reagents as alcohol, ether, chloroform, etc. The majority are crystalline 
solids which are not volatile without decomposition, but a few, for 
example coniine, nicotine, which contain no oxygen, are volatile liquids. 

The alkaloids occur in the plant as a rule as salts of various organic 
acids, such as malic, citric, succinic and oxalic, and sometimes with an 
acid peculiar to the alkaloid with which it is united (e.g. quinic acid in 
quinine and meconic acid in opium). Artificial salts, i.e. sulphates, 
chlorides and nitrates, are easily prepared and are readily soluble in 
water, and from these solutions the free base is precipitated again on 
addition of alkali. 
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The alkaloids themselves belong to various classes of compounds, 
though the basic character always preponderates. Thus, for example, 
piperine is an amide and can he hydrolyzed into the base piperidine 
and piperic acid: atropine is an ester made up of the base tropine and 
tropic acid. 

Various methods are employed for the extraction of alkaloids but 
the exact course of events depends on the alkaloid in question. On the 
whole the method is either to treat the plant material with alkali and 
then extract the free alkaloid with ether or chloroform and finally purify 
by making a salt again; or to extract the alkaloid from the plant with 
dilute acid, set free the insoluble, or difficultly soluble, base with alkali, 
and then prepare a salt of the base. 

Though individual alkaloids have distinctive reactions, the group as 
a whole has certain reactions in common, namely the precipitation by 
the so-called “ alkaloidal reagents.” These reagents are tannic, phospho- 
tungstic, phosphomolybdic and picric acids, also potassium-mercuric-* 
iodide solution and iodine in potassium iodide solution. 

Expt. 151. General reactions of alkaloids. Make a 0'5 % solution of quinine 
sulphate in warm water and add a few drops of each of the following reagents: 

{a) Tannic acid solution. A white precipitate is formed. 

(b) Mercuric iodide in potassium iodide solution [BrUcke's reagent: 50 gms. of 
potassium iodide in 500 c.c. water are saturated with mercuric iodide (120 gms.) and 
made up to 1 litre]. A white precipitate is formed. 

( c ) Phosphotungstic acid (50 gms. of phosphotungstic acid and 30 c.c. of cone, sul¬ 
phuric acid are dissolved in water and made up to a litre). A white precipitate is formed. 

(■ d) Iodine in potassium iodide solution. A brown precipitate is formed. 

(e) Picric acid solution. A yellow precipitate is formed. 

Expt. 152. Extraction of the free base from quinine sulphate. Add strong sodium 
carbonate solution drop by drop to some of the quinine sulphate solution until a 
white precipitate of quinine is formed. Then add ether and shake up in a separating 
funnel. The precipitate will disappear as the quinine passes into solution in the ether. 
Separate off the ethereal solution and let it evaporate in a shallow dish. The quinine 
is deposited. Take up the quinine again in dilute sulphuric acid and test the solution 
with the alkaloidal reagents. 

The alkaloids are classified into five groups according to the nucleus 
which constitutes the main structure of the molecule* These five groups 
are: 

1. The pyridine group. 

2. The pyrrolidine group. 

3. The tropane group. 

4 The quinoline group. 

5. The isoquinoline group. 
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Isoquinoline Pyrimidine Iminazole Purine 


1. The pyridine alkaloids. 

These are, as the name implies, derivatives of pyridine. (Pyridine 
is a colourless liquid which boils at 115° C. It is a strong base and 
forms salts with acids.) 

CH 

/\ 

CH CH 

II I 

CH CH 

\S 

N 

Pyridine 

The more important members of this group are: arecoline, coniine, 
nicotine, pipeline and trigonelline. 

Arecoline occurs in the “ Betel Nut ” which is the fruit of the Areca 
Palm (Areca Catechu). 

Coniine occurs in all parts of the Hemlock (Goniwn maculatum ), 
but more especially in the seed. 

Nicotine occurs in the leaves of the Tobacco plant (Nicotiana 
Tabacum). It is a colourless oily liquid which is intensely poisonous. 
Its constitution may be represented as: 


CH 

CHj—CH, 

/X 

1 1 

CH 0— 

-CH CH, 

1 II 

\/ 

CH CH 

N 

s/ 

1 

N 

oh .n 


It is readily soluble in water and organic solvents. 
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Expt. 153. Extraction and reactions of nicotine. Weigh out 100 gms. of plug 
tobacco and boil up the compressed leaves with water in an evaporating dish or in a 
saucepan. Filter off the extract and concentrate on a water-bath. The concentrated 
solution is made alkaline with lime and distilled from a round-bottomed flask fitted 
with a condenser, the flask being heated on a sand-bath. The distillate has an un¬ 
pleasant smell and contains nicotine in solution. Test the solution with the alkaloidal 
reagents employed in Expt. 151. A precipitate will be obtained in each case. 

The nicotine can be obtained from solution in the following way. Acidify the 
aqueous distillate with oxalic acid and concentrate on a water-bath. Make the con¬ 
centrated solution alkaline with caustic soda, pour into a separating funnel and shake 
up with ether. Separate the ethereal extract and distil off* the ether. The nicotine 
is left behind as an oily liquid which oxidizes in air and turns brown. The alkaloidal 
tests should be made again with the extracted nicotine. 

Piperine occurs in various species of Pepper {Piper nigrum). The 
fruit, which is gathered before it is ripe and dried, yields a black 
pepper, but if the cuticle is first removed by maceration, a white pepper. 
Piperine is a white solid which is almost insoluble in water but soluble 
in ether and alcohol. 

Expt. 154. Extraction and reactions of piperine. Weigh out 100 gms. of black 
pepper. Put it into an evaporating dish, cover well with lime-water and heat with 
constant stirring for 15-20 minutes. Then evaporate the mixture completely to 
dryness on a water-bath. Grind up the residue in a mortar, put it into a thimble 
and extract with ether in a Soxhlet. Distil off the ether and take up the residue in 
hot alcohol from which the piperine will crystallize out. With an alcoholic solution 
make the following tests: 

(a) Add the alkaloidal reagents mentioned in Expt. 151 and note that a pre¬ 
cipitate is formed in each case. 

(h) Pour a little of the solution into water and note that the piperine is pre¬ 
cipitated as a white precipitate. 

(c) To a little solid piperine in a white dish add some concentrated sulphuric 
acid. It dissolves to form a deep red solution. 

Trigonelline occurs in the seeds of the Fenugreek (Trigonella 
Foenum-graecum), Pea {Pimm sativum ), Bean {Phaseolus vulgaris), 
Strophantfms hispidus, Hemp {Cannabis sativa) and Oat {Avena sativa ). 
It is also found in the Coffee Bean {Coffea arabica ); in tubers of 
Stachys tuberifera , Potato and Dahlia and in roots of Scorzonera hispanica. 
It is really a betaine (see p. 157). 

2. The pyrrolidine alkaloids. 

These are derivatives of pyrrolidine, of which the mother substance 
is pyrrola (Pyrrolidine is a liquid boiling at 91° C. It is a strong base 
and forms stable salts with acids.) 
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CH—CH 


ch,—ch. 


CH CH CH, CH, 

\/ W ■ 

NH NH 

Pyrrole Pyrrolidine 

These alkaloids form a small group containing: 

Hygrine and euskhygrine which occur in Coca leaves ( Eryihroxylon 
Coca). 

Stachydrine which occurs in tubers of Stachys tuberifera and leaves 
of the Orange Tree ( Citrus Aurantium) and in various other plants 
(Betonica). The formula is : 

CHo—CHo 


CO—CH CHo 

I \/ 

O-N (CH 8 )o 

from which it is seen that it is really a betaine (see p. 157). 

3. The tropane alkaloids. 

These are derivatives of tropane, which may be regarded as formed 
from condensed piperidine and pyrrolidine groupings. (Tropane is a 
liquid boiling at 167° C.) 


- CH CH 

\ /[ 

nchJ 

ch 2 —ch 2 

Tropane 

The alkaloids in this group are limited to four natural orders and 
are as follows: 

Solanaceae: Atropine occurs in the root and other parts of the 
Deadly Nightshade (. Atropa Belladonna ), the Thom Apple (Batura 
Stramonium) and Scopolia japonica. Atropine may be represented as : 
CH—O—CO—CH • CH 2 OH 

/ \ I 

ch 2 ch 2 c 6 h 6 

I I 

CH CH 

|\/| - • * 

nchJ 


ch 2 —qh 2 


0 . 
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Hyoscyamine occurs in the Henbane ( Hyoscyamus niger), H, 
muticus and also in the Mandrake (Mandragora). 

Erythroxylaceae: Cocaine and tropacocaine occur in Coca leaves 
(j Erythroxylon Coca) together with smaller quantities of allied alkaloids. 
Cocaine has the formula: 

H OCOC 6 H 5 

\ / 

c 

/ \ 

CHo CHCOOCH 3 

I “ I 

CH CH 

\ / 

nch 3 

ch 2 —-ch 2 

Punicaceae: Pelletierine and other allied alkaloids occur in the root 
and stem of the Pomegranate Tree ( Punica Oranatum). 

Leguminosae: Sparteine occurs in the Broom (Spartium scoparium): 
lupinine in the yellow and black Lupins (Lupinus luteus and L. niger) 
and cytisine in the Laburnum ( Cytisus Laburnum). 

4. The quinoline alkaloids. 

These are derivatives of quinoline. (Quinoline is a colourless liquid 
which boils at 239° C.) Its constitution is : 

ch ch 

^ \/ \ 

CH C CH 

I II I 

CH C CH 

\ /\ S 

CH N 

Quinoline 

These alkaloids form two natural groups, (a) the cinchona alkaloids, 
i.e. quinine, cinchonine and allied forms, and ( b) the strychnine alkaloids, 
Le. strychnine and brucine. 

Quinine occurs in the bark of various species of the genus Cinchona 
(Rubiaceae) which are trees, originally natives of S. America, but now 
cultivated on a large scale in Ceylon, Java and India. The species 
employed are C. Calisaya , Ledgeriana, officinalis, succirubra. The yellow 
bark of Calisaya has the highest percentage, i.e. 12 °/ 0 , of alkaloid. 

Quinine is a white solid which crystallizes in long needles containing 
water of crystallization. It is very slightly soluble in cold water, more 
so in hot but readily soluble in alcohol, ether and chloroform. With 
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acids it forms salts, which are soluble in water, the sulphate being 
commonly employed in medicine. Quinine is said to have the following 
constitution: 

CioH 15 (OH)N 

och 3 . 


Expt. 155. Extraction and reactions of quinine. Mix 20 gms. of quicklithe with 
200 c.c. of water in a basin and then add 100 gms. of powdered Cinchona bark. Stir 
together well and then dry the mixture thoroughly on a water-bath, taking care to 
powder the lumps. The dried mixture is then extracted in a Soxlilet apparatus with 
chloroform. The chloroform extract is then shaken up in a separating funnel with 
25 c.c. of dilute sulphuric acid. The chloroform layer is run off and again extracted 
with water. The sulphuric acid and water extracts are mixed together and neutralized 
with ammonia. The liquid is evaporated on a water-bath until crystals of quinine 
sulphate begin to separate out. With the quinine sulphate the following tests should 
be made. (It is better to use a solution of the hydrochloride prepared by adding a 
few drops of hydrochloric acid to the sulphate solution): 

(a) Test with the alkaloidal reagents of Expt. 151. 

(b) Add to a little of the solution some bromine water and then some ammonia. 
A green precipitate is formed which gives a green solution with excess of ammonia. 

(c) Dissolve a little of the solid quinine sulphate in acetic acid and pour into a 
large volume of water. A blue opalescence is produced which is characteristic of 
quinine. 

Cinchonine occurs together with quinine in Cinchona bark. It is 
very similar in constitution to quinine, the latter being methoxy- 
cinchonine. 

Strychnine and brucine occur in the seeds of Nux Vomica (Strych- 
nos Nux-vomica) and St Ignatius' Bean (S. Ignatii). 

Expt. 156. Tests for strychnine. Add a little concentrated sulphuric acid to a 
small quantity of strychnine in an evaporating dish and then add a small amount 
of powdered potassium bichromate. A violet coloration is produced which changes 
to red and finally yellow. 

Curarine, the South American Indian Arrow poison, occurs in 
several species of Strychnos (S. toodfera and others). 

5. The isoquinoline alkaloids . 

These can be divided into two groups: (a) the opium alkaloids and 
(b) the berberine alkaloids. “ 

The opium alkaloids again fall into two classes: (1) the papaverine 

11—2 • 
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group which includes papaverine, laudanosine, narceine, narcotine 
and others, and (2) the morphine group including morphine, apomor- 
phine, codeine, thebaine and others. 

Opium is the dried latex obtained by making incisions in the cap¬ 
sules of the Opium Poppy (Papaver somniferum). 

Allied to the papaverine group is hydrastine which occurs in the 
root of Hydrastis canadensis (Ranunculaceae). 

The constitution of all these alkaloids is very complex. 

Expt. 157. Tests for morphine . 

(a) Add a little ferric chloride solution to a solution of a morphine salt. A deep 
blue coloration is formed. 

( b) Dissolve some morphine in concentrated sulphuric acid and then after 
standing about 15 hrs. add concentrated nitric acid. A deep blue-violet colour is 
produced which afterwards changes to red. 

Berberine occurs in the root of the Barberry (Berberis vulgaris) and 
is also found in isolated genera in Anonaceae, Menispermaceae, Papa- 
veraceae, Ranunculaceae and Rutaceae. 

Corydaline occurs in Corydalis cava (Fumariaceae). 

Many other alkaloid substances have been isolated from a large 
number of different plants, but since the constitution of most of them 
is unknown, they have not been classified. 


Pueine Bases. 


These substances, as indicated, have a heterocyclic ring structure 
and are derivatives of purine: the atoms of the ring are numbered in 
the order indicated below: 


N=CH 


HC C—NH 

\ 

CH 

, „ S 

N—c—N 
Purine 


i 


X N— c C 


2 C 3 C— 7 N. 

I Jl > 

3 N— 4 C— 9 |NT 


C 8 


Purine itself is a crystalline basic .compound (m. p. 211-212° 0.) 
which forms salts with acids. It is composed of two rings, the pyrimi¬ 
dine and the iminazole: the latter grouping also occurs in histidine 
(see p. 121). 
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The chief purine bases which occur in plants are xanthine, caffeine 
theobromine, guanine, hypoxanthine and adenine. 

Xanthine may be regarded as 2, 6-dioxypurine: 

HN—C =0 

[ I 

0=0 C—NH 

\ 

CH 

S 

HN—C—N 

It is widely distributed in plants and has been found in leaves of the 
Tea plant ( Thea sinensis), in the sap of the Beetroot (Beta) and in various 
seedlings. 

Caffeine or theine is 1, 3, 7-trimethylxanthine: 

CH 3 • N—C ~0 

I i 

0 =C C—N • CH 3 

\ 

CH 

CH S * N—C—N 

It occurs in the leaves and beans of the Coffee plant (Coffea arabica), 
in leaves of the Tea plant ( Thea sinensis), in leaves of Ilex paraguensis 
(“Paraguay Tea”), in the fruit of Paullinia Guyana and in Kola nuts 
(Cola acuminata). 

Bocpt. 158. Preparation of caffeine from tea 1 . Digest 100 gms. of tea with 500 c.c. 
of boiling water for a quarter of an hour. Then filter through thin cloth or fine 
muslin using a hot-water filter in order to keep the liquid hot. Wash the residue 
with a further 250 c.c. of boiling water. Add to the filtrate a solution of basic lead 
acetate until no more precipitate is formed. This removes proteins and tannins. 
Filter hot and to the boiling filtrate add dilute sulphuric acid until the lead is pre¬ 
cipitated as sulphate. Filter from the lead sulphate, and concentrate the solution, 
with the addition of animal charcoal, to 250-300 c.c. Filter and extract the filtrate 
three times with small quantities (50 c.c.) of chloroform. Distil off the chloroform 
on a water-bath, and dissolve the residue in a small quantity of hot water. On 
allowing the solution to evaporate very slowly, long silky needles of caffeine separate, 
which may have a slightly yellow tint, in which case they should be drained, re¬ 
dissolved in water, and boiled with the addition of animal charcoal. The yield 
should be about 1*5 gm. 

Evaporate a little of the caffeine on a water-bath with bromine water. A reddish- 
brown residue is left which becomes purple when treated with ammonia. 


1 From Conen, Practical Organic Chemistry . 
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Theobromine is 3, 7-dimethylxanthine: 

HN—c=o 

I I 

0=C C—N * CH 3 

\ 

CH 

CH 3 * N—C—N 

It occurs in the fruit of the Cocoa plant (Theobroma Cacao), in 
leaves of the Tea plant ( Thea sinensis ) and in the Kola nut ( Cola 
acuminata). 

Guanine and hypoxanthine can be represented respectively as 
2-amino, 6-oxypurine and 6-monoxypurine: 

m—c=o hn— c=o 

II II 

H 2 N—C C—NH HC C—NH 

| \ 

1 ✓ I II ^ 

_N—C—N N—C—N 

Guanine Hypoxanthine 

They usually occur together and have been found in the germinating 
"seeds of the Sycamore (Acer pseudoplatanus), Pumpkin (Cucurbita 
Pepo ), Common Vetch ( Vicia saliva ), Meadow Clover ( Trifolium 
pratense), yellow Lupin (Lupinus luteus ) and Barley (Hordeum vulgare): 
also in the juice of the Beet (Beta), 

Adenine is 6-aminopurine. It is represented as: 

N=C—NH 2 

I I 

HC C—NH 

\ 

CH 

N—C—N 

It has been found in Beet (Beta), Tea leaves (Thea sinensis) and in 
leaves of the Dutch Clover (Trifolium repens). 

Guanine, hypoxanthine and adenine are all obtained by the hydro¬ 
lysis of plant nucleoproteins. 
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Acer pseudoplatanus, 166 
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Achroodextrin, 57 

Acorus Calamus, 155 
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Amphoteric electrolytes, 15,120 
Amygdalase, 14& 

Amygdalin, 24,142, 143, 145, 147 
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Amyloid, 66 
Ananas sativus , 139 


Anchusa officinalis, 81 
Aniline acetate (test for pentoses), 44 
Anonaceae, 164 
Anthocyan pigments, 87, 98 
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- - isomerization of, 98 

- - reactions of, 99 

Anthocyanidins, 98 
Anthocyanins, 98 
Antirrhinum, 94 

- majus, 95, 96, 99 

Antiseptics, 18 
Apigenin, 96,144 
Apiin, 95-, 144 
Apiose, 144 
Apium graveolens, 156 
Apocynaceae, 157 
Apomorphine, 164 
Apple, 63, 107, 112,145 
Apricot, 126 
Aquilegia, 98, 100 

- vulgaris , 146, 147 

Araban, 43, 45, 53, 60, 61 
Arabic acid, 61 
Arabin (see Gum Arabic) 

Arabinose, 41, 43, 44, 53, 60, 61, 62, 63 

Arabis, 108, 112 

Araceae, 145 

Arachidic acid, 79 

Arachis hypogaea, 127 

Araliaceae, 150 

Arbutin, 88, 144, 151 

Arctostaphylos XJva-ursi, 151 

Areca Catechu, 159 

Areca Palm, 159 
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Armstrong, 19, 24, 77, 84, 86,115,145, 146, 
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- alcohols, 87, 88 

- aldehydes, 87, 88 

- compounds, 1, 87 
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Arum maculatum, 146, 147 
Asclepiadaceae, 145 
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Asparagin, 136 

Asparagus, 59, 60, 88, 143, 151 

- officinalis, 88 

Aspartic acid, 120, 136 
Aster, 102 
Asterin, 102 
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Atkins, 77 
A triplex, 100 
Atropa Belladonna, 161 
Atropine, 161 
Aubrietia, 108 * 

Aucuba, 144 
Aucubigenin, 144 
Aucubin, 144 
Auld, 24, 25. 

Autolysis, 19, 188, 146 
Avena sativa , 125, 126, 156, 160 
Avenalin, 120 

Bamboo, 187, 156 
Bambusa , 187, 156 
Banana, 188 
Barberry, 164 
Barger, 167 

Barley, 57, 118, 124, 127, 181, 155, 156, 
166 

Basidiomycetes, 118 
Bassett, 95, 96, 116 
Bayliss, 14, 16, 19, 24 
Bearberry, 151 
Beech, 156 

-Copper, 100 

-wood, 67 

Beet, 08, 71, 72, 76, 100, 107, 186, 187, 
188, 156, 105, 160 
Behenic acid, 79 
Benzaldehyde, 24, 148, 144, 145 
Benzidine (test for peroxidase), 109 
Benzoic acid, 148 
Berberidaceae, 145 
Berberine, 164 
Berberis vulgaris , 164 
Bertholletia, excelsa, 81, 88, 125, 126, 185 
Beta, 72, 75, 148, 165, 166 

- vulqarin, 70, 71, 76, 100, 186, 138, 

156 

Betaines, 154, 156 
Betonica, 161 

- officinalis, 156, 157 

Betonicine, 157 
Betony, 156, 157 
Betulaceae, 80 
Bignoniaceae, 145 
Bilberry, 102 
Bird Cherry, 45, 61, 145 
Bird’s-foot Trefoil, 146, 147 
Biuret reaction, 122 
Blau, 158 
Blood, 188, 140 

Boletus cyanescem , 113 „ 

- luridm, 113 

Bolton, 116 
Boraginaceae, 108 
Borneol, 2 

Bourquelot, 147, 151, 153 
Bran, 45, 53, 54, 55, 68 
Brassica, 75, 81, 188, 149 

- alba, 127, 135, 188, 144 

- campestris, 127, 136 

* - JSfapm, 80, 156 


Brassica nigra, 144, 149 

- oleracea, 136 

- rap a var. ole if era, 80 , 

Brassidic acid, 79 
Brazil nut, 81, 83, 125, 126, 135 
Broad Bean, 60, 124, 126, 138, 134, 138, 
139, 156 
Bromelin, 139 
Broom, 162 
Brown, 70, 73, 74, 77 
Brownian movement, 14 
Brucine, 163 
Briicke’s reagent, 158 
Buchner, 21 
Buckthorn, 96 
Burton, 16 
Buttercup, 108 
Butter-nut, 126 
Butyric acid, 79 

Cabbage, 136, 137, 138, 139, 156 
Caesalpinia, 91 
Oaffeic acid, 110 
Caffeine, 165 
Calanthe, 152 
Caldwell, 24, 25 
Callistephin, 102 
Gallistephus chinensis, 102 
Calluna erica, 96 
Campanulaceae, 58 
Campbell, 134,141 
Camphor, 2 
— tree, 2 
Cane-sugar (see Sucrose) 

Cannabis sativa, 67, 80, 125, 126, 134, 139, 
156, 160 
Capparis, 144 
Capric acid, 79, 80 
Caprifoiiaceae, 145, 150 
Caproic acid, 79, 80 
Caprylxc acid, 79, 80 
Carbohydrates, 1, 41 

- in leaves, 69 

Carbon assimilation, 5, 26 1 

Carboxylase, 21 
Carica Papaya, 139 
Carotin, 27, 28, 29, 39 
Carrot, 39, 65, 138, 139, 155, 156 
Carum, 144 
— Petroselinum , 95 
Castanea, 91, 93 

- vulgaris , 92, 126 

Castanin, 126 
Castor oil, 81 

- -plant, 80, 88, 84, 125, 136 

- -seed, 124, 127, 135, 139 

Catalase, 20, 21, 23 
Catalysts, 17 

Catechol, 68, 87, 110, 111 
Celastraceae, 145 
Celery, 137, 156 
Celluloses, 41, 65 

- reserve, 65 

- tests for, 66 

11—5 


# 







INDEX 


170 


Centaurea , 144 

- Cyanus, 98, 100, 101, 102, 104 

Centrospermae, 150 
Cerasin (see Cherry gum) 

Cerasus, 144 

- Padus, 145 

Chaerophyllum sylvestre, 72 
Cheiranthus, 106 

- Cheiri, 96, 97, 99, 100, 107. 

108 

Chenopodiaceae, 100, 156 
Cheiiopodmm, 136 

- Vulvaria, 155 

Cherry, 45, 61, 63, 80, 102 

-gum, 43, 45, 53 

- Laurel, 145, 146 

Chervil, 72 

Chicory, 58, 60, 136, 156 
Chittenden, 128, 140 
Chlorophyll, 13, 27 

- a, 27, 29, 32 

- b, 28, 29, 32 

- allomerized, 36 

-— colloidal, 35, 37 

—— crystalline, 32 

Chlorophyllase, 33 
Chlorophyllides, 33 
Chlorophyllins, 29 
Chodat, 107, 108, 115 
Choline, 155 
Christmas Rose, 108 
Chry santhemin, 102 
Chrysanthemum, 101, 102 

-- indie am, 102 

Chrysin, 95 

Cichorium Intybus, 58, 136, 156 
Cinchona , 162, 163 

- Calisaya , 162 

- Ledgeriana , 162 

—— officinalis, 162 

- succirubra, 162 

Cinchonine, 163 
Citrus , 144 

- Aurantium, 161 

Clark, 76, 78, 115 
Clover, 59, 60, 65, 74, 75, 137 

- Dutch, 166 

- Meadow, 166 

Clupanodonic acid, 80 
Coca, 161, 162 
Cocaine, 162 
Cochlear ia, 109 

- Armoracia , 149 

Cocoa, 81 

- plant, 166 

Coconut, 53, $0, 83, 127, 135 

- oil, 81 

Cocos, 81 

- nmifera , 80, 127, 135 

Codeine, 164 
Co-enzyme, 21 

Coffea arabica , 59, 60, 81, 160, 165 
Coffee bean, 59, 60, 81,160, 105 
Cola acuminata, 165, 166 


Cole, 9, 43, 122 
Collodion dialyser, 123 
Colloidal state, 4, 10 

- precipitation of, 15, 16 

Columbine, 98, 100, 146, 147 
Colza, 80 

- oil, 81 

Combes, 105, 115 
Combretaceae, 150 
Compositae, 58, 81, 108, 145, 150 
Conglutin, 126, 133 
Coniferae, 53, 60, 136, 143, 151 
Coniferin, 67, 88, 143, 151 
Conifers, 2, 28 

Coniferyl alcohol, 88, 143, 151 
Coniine, 159 
Conium maculatum, 159 
Continuous phase, 11, 14 
Convolvulaceae, 145 
Corchorus , 67 
Cork, 69 

Cornflower, 98, 100, 101, 102, 104, 106 
Corydaline, 164 
Corydalis cava , 164 
Corylin, 126 

Corylus Avellana, 80, 126 

- - var. rubra , 100 

Cotton plant, 53, 65, 81 

- seed, 127, 135, 156 

——- - oil, 81 

Cotyledon Umbilicus, 74 
Coumarin, 150 
Courtauld, 24, 25 
Cow Parsnip, 32 
Cow Pea, 126 
Cradein, 189 
Cranberry, 88, 102 
Crassulaceae, 108 
Crataegus , 108 

—— Oxyacantha, 95, 96, 146, 155 

Cresol, 68, 113 

Craciferae, 80, 108, 186, 145, 149 
Cucumber, 138, 139 
Cucumis Melo, 138 
—— sativus, 138 
Cucurbita , 196, 137 

-* maxima, 127 

*— Pepo, 81, 166 
Cucurbitaceae, 81,150 
Curarine, 163 
Currants, 63 

- Black, 146 

— Bed, 146 
Cuskhygrine, 161 
Cutin, 65 

Cuto-celluloses, 65, 69 
Cyanidin, 101, 102, 105, 144 
Cyanin, 102, 144 
Cynim , 91 
Cystine, 121, 123 
Cytase, 20 
Cytisine, 162 
Cytisus Ijabumum , 162 
Czapek, 9, 67, 68, 77 
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Dahlia,58, 75,102,113,156,137,13H, 15(1, HiO 
Dahlia variabim, 58, 102 113, 138 
Daish, 55, 70, 71, 72 75, 70, 77 
Dandelion, 58, 60, 9o, 108 
Date-palm, 59, 60 • 

Datura, 155 

_- Stramonium , I6i 

Daucus Garota, 65, 138, 15u, 

Davis, 42, 55, 70, 71, 72, 7*7, 77, 77, 78 
Dead Nettle, 108 
Deadly Nightshade, 101 
Dean, 138, 140 

Delphinidin, 101, 102, I0o, 141 
Delphinin, 102, 144 
Delphinium, 100, 144 

_— conmlida , 97, 102 

Dextrin, 41, 56, 57, M), 70, 73 
__ fnr. 58 


Dhurrin, 148, 148 
Dialysis, 10, 13 
Diastase, 20, 56, 57, 69, 73 
Pigallic acid, 92 
Digitaligenin, 144 
Digitalin, 144 
Digitalis, 144 
Digitalose, 144 
Dipsacus, 113 
Disaccharides, 41, 51 
Dispersed phase, 11, 14 
Dobson, 71, 76, 78 
Dock, 95 

Dog’s Mercury, 113 

- - annual, 155 


perennial, 155 


Dunstan, 153 

Dver’s Greenweed (Broom), 96 

-I— Weld (Rocket), 94, 96 


Edestin, 125, 126, 128, 134 
—— of Barley, 181 
Elaeis guinensis, 80, 81 
Elaldic acid, 79 
Elder, 28, 68, 95, 187, 1411 
Ellagic acid, 90 

Emulsin, 20, 88, 142, 145 , 147, 151, 152 

Emulsions, 11, 12 

Emulsoids, 11 

Enolic form, 72 

Enzymes, 7, 17 

- classification of, 19, 20 

- hydrolysis by, 8, 17 

- synthesis by, 8, 19 

Erepsin, 20, 137 
Ergotbioneine, 157 
Erica cinerea, 94 
Ericaceae, 88,144, 151 
Erucic acid, 79 
Ervum Lem , 124, 126, 188 
Erythrina Hypaphorm* 157 
Erythrodextrin, 57 
Erythroxylaceae, 162 
Erythrowylon. Coca, 161, 162 
Esbach’s solution, 124 
Essential oils, 2 


Ethylene series, 82 
Eucalyptus , 91 
Euler, 24 
Euphorbia, 62 
Euphorbiaceae, 80, 145 
Everest, 98, 105, 115, 116 
Ewart, 115 
Excelsin, 126, 135 

Eagm sylvatica, 156 
—^— -— var. purpurea, 100 

Eats, 1, 79 

tests for, 81 
Ratty acids, 79 

•—- - synthesis of, 85 

Fehling’s tost, 49 
Fenugreek, 156, 160 
Ferric hydroxide sol, 12 
Fibrin, 139 

- carmine, 140 

Fichtonholss, 161, 153 
Eicm , 139 
Fig, 139 
Fischer, 92, 115 
Fisetin, 97, 105 
Flavone pigments, 87, 93, 104 
Flavonol pigments? 87, 93, 104 
Flax, 62, 67, 80, 125, 127, 147, 148 
Flowering Currant, 93 
Forget-me-not, 108 
Formaldehyde, 26, 27, 36, 38 
Fraxetin, 144 
Fraxin, 144 
Erasdnus, 144 
> — excelsior, 81 
Freudenberg, 92, 115 
Fructomannans, 59, 69 
Fructose (see Laevulose) 

Fumariaccac, 164 
Fungi, 20, 118, 155, 157 
Eunkia sinensis, 74 
Furfural, 44, 67 
— phloroglucide, 55, 64 

(taillardia, 101 

Galacfcans, 41, 49, 60, 61, 69 

Galaetoaraban, 60, 69 

Galaetomannan, 59, 60, 69 

Galactose, 41, 47, 40, 50, 60, 61, 62, 63, 144 

GaUotoxyian, 60, 69 

(hilanthm, 55 

— nivalis, 70, 95 
Caleopsis, 88 

— Tetrahit , 82 

Gallic acid, 89, 90 
Gall-nuts, 89 
Gallotannio acid, 92 
Galls, 91 
— Oak, 92 
Garden Ores®, 80 
Gmdtheria, 144 
Gaultherin, 144 

Gelatine, 18 f 

Gels, 18, m 
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Genista tinctoria, 96 

Gliadin, 118, 127, 180 

Globulins, 118, 124 

Glucomannans, 59, 69 

Glucose, 41, 45, 46, 56, 62, 70, 73, 142 

- a and /?, 48 

- tests for, 48 

Glucosides, 48, 72, 87, 91, 142 

- a and /3, 48, 148 

- coumarin, 150 

- cyanophoric, 145 

- mustard-oil, 149 

Glucotropaeolin, 144 
Glutamine, 136 
Glutaminic acid, 120,136 
Glutelins, 118, 127, 130 
Gluten, 131 
Glutenin, 130 
Glyceria aquatica , 146 
Glycerol, 79, 82, 83 
Glycine, 120, 156 
Glycine hispida , 126 
Glycinin, 126 
Glycogen, 21 
Glycogenase, 21, 24 
Glyoxylic reaction, 122 
Gold sol, 12, 16 
Goodeniaceae, 58 

Gooseberry, 63, 65, 146 , 

Goosefoot, 130 

- Stinking, 155 

Gosney, 86 

Gossyyium , 53, 81, 144 

- herbaceum, 65, 81,127,135, 156 

Gout weed, 95 
Graham, 18 

Graminaceae, 80, 130, 145, 150 
Grape, 102 

- sugar (see Glucose) 

Great Millet, 148 
Greengage, 112 
Greshoff, 145, 153 
Guaiacol, 68 
Guaiaconic acid, 107 
Guaiacum gum, 107 
Guaiacum officinale, 107 

- sanctum , 107 

Guanine, 166 
Guignard, 149, 153 
Gulose, 46 

Gum Arabic, 12, 48, 53, 61 
Gum Tragacantb, 61 
Gums, 41, 49, 60 
Gun-cotton, 66 
Guttiferae, 150 

Haas, 9 

Harden, 22, 23, 24, 25 
Harris, 134, 141 
Hatschek, 16 

Hawthorn, 95, 96, 108, 146, 155 
Haynes, 63, 78 
Hazel, 80 
- -nut, 126 


Hazel, red-leaved, lOO 
Hedge Woundwort, 32 
Helianthus , 60, 75, 136 

- annum , 55, 74, 81, 127, 135, 

156 

- tuberosus , 58, 59, 74, 136, 156 

Helleborus niger , 108 
Hemerocallis fulva, 74 
Hemi-cellulose, 60, 69 
Hemlock, 159 

Hemp, 67, 80, 125, 126, 156, 160 

-seed, 134, 139 

Hemp-nettle, 32 
Henbane, 155, 162 
Henry, 24, 25, 153, 167 
Heracleum , 33 

- Sphondylium , 32 

Hesperidin, 144 
Hesperitin, 144 
Hexoses, 41, 45 
Hill, 9 

Histidine, 121, 137 

- trimetliyl, 157 

Hollyhock, 62, 102 
Hop, 74 
Hopkins, 122 
Hordein, 127, 131 
Hordenine, 155 

Jlordeum vulgar e, 57, 74, 113, 124, 127, 131, 
166 

Horse Chestnut, 92, 93, 112, 136, 150 

Horse-radish, 109, 110, 149 

Horsfall, 96, 116 

Horton, 145, 153 

Hummel, 96, 97, 116 

Hamulus Lupulus , 74 

Hyacinth, 138, 139 

Hyacinthus, 55, 58 

- orientalis , 138 

Hydrastine, 164 
Hydrastis canadensis , f64 
Hydrocharis Morsus-ranae , 74 
Hydroquinone, 87, 88, 144, 151 
Hygrine, 161 

Hymenophyllum demissum, 74 
Hyoscyamine, 162 
Ilyoscyamus muticm, 155, 162 

- niger, 162 

Hypaphorine, 157 
Hypoxanthine, 166 

Idaein, 102 
Idose, 46 

Ilex paraguensis, 165 
Iminazole, 159, 164 
Indican, 115, 144, 152 
Indigo, 113, 115, 152 

- plants, 152 

Indigofera, 113, 144 

- Anil, 152 

- erecta , 152 

- sumatrana, 152 

- tinctoria, 152 

Indol, 68 
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Indoxyl, 115, 144, 152 
Inulase, 20, 58 
Inulin, 41, 50, 58 

- tests for, 59 

Invertase, 20, 21, 24, 50, 76 
Invert sugar, 50 
Iris, 55, 58 
Irvine, 71, 76, 78 
Isatis tinctoria , 113, 152 
Isoehlorophyllins, 30 
Isoleucine, 120, 136 
Isolinolenic acid, 80 
Iso-oleic acid, 79 
Isoquereitrin, 144 
Isoquinoline, 159 
Isothiocyanate, acrinyl, 144 

- allyl, 144,149 

- benzyl, 144 

- 2>-hydroxybenzyl, 149 

Jacobinia, 113 
Japanese lacquer, 113 
Jasminum, 143 
Jerusalem Artichoke, 58 
Jorgensen, 27, 36, 40 
Juglandaceae, 80 
Jug Ians cinerea , 126 

- nigra , 126 

- regia , 80, 92, 126 

Juglansin, 126 
Jute, 67 

Kaempferol, 97, 105, 144 
Kastle, 76, 78 
Keeble, 115 
Keracyanin, 302 
Kidd, 27, 36, 40 

Kidney Bean, 60, 124, 126, 138, 134, 186 
160 

Kishida, 93, 116 
Kola nut, 165, 166 

Labiatae, 108 
Laburnum, 162 
Laccases, 112 
7 -Lactone, 47 
Laevulose, 41, 50, 58, 70 

- tests for, 51 

Lamium album , 108 
Larch, 92 
Larix europaea, 92 
Larkspur, 97, 100, 102 
Latex, 11 

Lathyrus odoratm, 74 

- pratemw , 74 

Laudanosine, 164 
Laurie acid, 79, 80 
Laurocerasin (see Prulaurasin) 

Leathes, 86 

Lecythidaeeae, 81, 83, 150 
Legumelin, 124,134 
Legumin, 125, 126, 133 
Leguminosae, 59, 74, 125, 133, 145, 150 
157, 162 * ’ 


Lemon, 2 

Lentil, 124, 126, 133, 134 
Lepidium, 144 

- sativum, 80 

Leucine, 120, 136 
Leucosin, 23, 124, 130 
Lignin, 65, 67, 68 
Ligno-celluloses, 65, 67 
Lignon (see Lignin) 

Ligustrum, 143 
- Lilac, 65, 95 
Liliaceae, 150 
Lilium bulbiferum , 60 

-- candidum , 60, 95 

-- Martagon , 60 

Lily, 60 
—— White, 95 
Lima-bean, 126 
Limonene, 2 
Linaceae, 80, 145 
Linamarin, 143, 148 
Ling, 94, 96 
Linolenic acid, 80 
Linolic acid, 80 
Linseed, 62, 81, 125, 135 
Linum, 62, 143, 148 
- perenne, 147 

— usitatissimum , 67, 80, 81, 125, 127, 
135 

Lipase, 20, 84 
Lobeliaceae, 58 
Loganiaceae, 150 
Lotase, 148 
Lotoflavin, 144, 148 
Lotus , 144 

- arabiem, 148 

- corniculatm , 74, 146, 147 

- uliginosus, 146 

Lotusin, 144, 148 
Lubrzynska, 86 
Lucerne, 65 

Lupin, 60, 126, 133, 136,. 138,139,156, 162, 

166 

Lupinine, 162 

Lupinus, 60, 74, 126, 136, 187 

- albus, 137 

- hirsutus, 138 

- luteus, 183, 137, 162,166 

- niger, 162 

Luteolin, 96, 105 
Lycium barb arum, 156 
Lycopersicum esculentum, 138 
Lysine, 121, 137 
Lyxose, 43 

Mackenzie, 77 

Magnoliaoeae, 150 

Maize, 80, 126, 127, 132, 138, 139 

- cobs, 53 

Mallison, 116, 117 
Mallow, 102 
Malt, 76 

Maltase, 19, 20, 21, 22, 41, 75 . 

Maltose, 19, 51, 56, 57, 69, 70, 73, 75 
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Maltose, tests for, 52 

Malva , 144 v 

- sylvestris, 102 

Malvaceae, 81 
Malvidin, 102, 144 
Malvin, 102, 144 

Mandelonitrile glueoside (see Prunasin) 

Mandragora, 162 

Mandrake, 162 

Mangold, 70, 71, 72, 75 

Mangrove, 91 

Mannans, 41, 50, 59, 69 

Mannocelluloses, 59 

Mannose, 41, 46, 60, 59, 62, 144 

Martin, 117 

Matthiola, 95, 108 

Maxwell, 60, 78 

Maysin, 126 

Meadow-Bue, 146 

- -Sage, 156 

- -Sweet, 88, 152 

Medicago sativa, 65 
Mekocyanin, 102 
Melon, 138, 139 
Mendel, 128, 140 
Menispermaceae, 164 
Menthol, 2 
Mercerised cotton, 66 
MercuHalis annua , 113, 155 

- perennis, 113, 155 

Metaproteins, 118, 127 

- reactions of, 128 

Methylamine, 155 
Methylene blue, 23 
Methyl salicylate, 144 
Mieg, 117 
Mignonette, 96 
Milk, 11 
Miller, 86 

Millon’s reaction, 122 
Mirande, 146, 153 
Mistletoe, 62 
Molisch’s reaction, 123 
Monocotyledons, 55, 58, 70 
Monosaccharides, 41, 42 
Moore, 115 
Moore’s test, 48 
Moraceae, 80 
Morphine, 164 
Morris, 70, 73, 74, 77 
Mountain Ash, 145, 155 
Mncic acid, 49, 50, 62, 63 
Mucilages, 41, 49, 50, 60, 62, 65 
Musa sapientum , 188 
Muscari, 58 

Mustard, Black, 80, 149 

- White, 80,127, 149 

- seed, 135, 188 

Myosotis , 108 
Myrica, 144 
Myricetin, 97,105, 144 
Myricitrin, 144 
Myxistio acid, 79, 80 
Myiosm, 20, 142,149 


Myrtaceae, 145, 150 
Myrtillidin, 102, 103 
Myrtillin, 102 

Hagai, 93, 116 

a-Naphthol tests, 44, 68, 109 
Narceine, 164 
Narcissus , 95, 96, 106 

- incomparabilis , 96 

- poeticm , 95 

- Tazetta, 96 

Narcotine, 164 
Narigenin, 144 
Naringin, 144 

Nasturtium, 55J60, 75, 101, 138 

- Garden, 70, 72, 136 

Nepenthes , 139 
Nettle, 28 
Neville, 62, 78 
Newbury, 116 
Nicotiana, 155 

- Tabacum , 156^ 159 

Nicotine, 159, 160 
Nolan, 117 
Norris, 23, 25 
Nucleic acid, 127 
Nucleoproteins, 118, 127, 166 
Nux Vomica, 163 

Oak, 91, 93, 96 

--wood, 67, 92 

Oat, 125, 126, 156, 160 
Oenidin, 102, 103, 144 
Oenin, 102, 144 
Oil Palm, 80 
Olea europaea , 81 
Oleaceae, 81, 145, 150 
Oleic acid, 79, 80 
Olive, 81 

- oil, 81 

Onion, 59, 96, 97, 108 
Onslow, 110, 111, 115 
Opium, 164 

- Poppy, 80, 164 

Orache, 100 
Orange Tree, 161 
Orchid, 89, 11S, 152 
Orchidace&e, 60 
Orchis Morio, 62 
Orcinol, 68 

- test for pentoses, 44 

Ormerod, 86 
Oryza sativa, 127 

AfidVAtlAQ AO 

Osborne, *130, 131, 132, 134, 135, 140 
Osmic acid, 81 
Ostwald, 13 

Oxidases, 107, 108, 151,152 
Oxidizing enzymes, 8,107 
Oxybenzoic acid, 144 
Oxyproline, 157 

Paemia, 60, 85,144 
—— officinalis, 93, 99, 102, 103 
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Paeony, 60, 93, 99, 102, 103 
Palladia, 9, 114,115 
Palm, 59, 60 

- oil, 81 

Palmaceae, 80 
Palmitic acid, 79, 80 
Pansy, 96,102 
Papain, 139 
Papaver orientale, 113 
—— Rhoeas, 102 

- wmnijenma, 80, 164 

Papaveraeeae, 80, 157, 164 
Papaverine, 164 
Papaw Tree, 189 
Parkin, 60, 70, 78 
Parsley, 95 
Passifloraceae, 145 
Paullinia Gnpana , 165 
Pea, 57, 60, 72, 74, 75, 108, 122, 121, 
125, 126, 133, 134, 186, 188, 139, 156, 
160 

Peach, 80, 126, 145 
Pea-nut, 127 

Pear, 107, 110, 111,112, 151 
Pectase, 20, 65 
Pectic substances, 41, 63, 69 
Pectin, 68, 64 
Pectinase, 20 
Pectinogen, 63, 64 
Pectocelluloses, 65, 69 
Pelargonidin, 101,102, 105, 144 
Pelargonin, 102, 103, 144 
Pelargonium, 144 

- zonule, 98, 102, 108, 138 

Pelletierine, 162 

Pentosans, 42, 53, 54, 55, 61, 67, 69, 70 

Pentoses, 41, 42, 54, 55, 68, 64, 70 

Peonidin, 102, J44 

Peonin, 102, 144 

Pepper, 160 

Peppermint, 2 

Pepsin, 20, 128,137 

Peptones, 118, 119, 128, 129, 187 

Perkin, 95, 96, 97, 115, 116 

Peroxidase, 20, 21, 22, 107, 108, 109 

- inhibitor, 23 

Peroxides, 168 
Petunia violacea, 102 
Petunidin, 102 
Petunin, 102 
Phaeophorbides, 84 
Phaeopbytin, 81, 87, 88 
Phajw , 118 , 152 
Phaselin, 124,134 
Phaseolin, 126,138 
Phaseolnnatin, 148 
Phaseolus , 60, 136, 148 

- hnatus, 126, 148 

- inulttffarm, 74, 188, 139 

-- mdiatm , 126 

- vulgari*, 124, 126, 188, 1S4, 187, 

160 

Phenol, 68 
Phenols, 87 


Phenylalanine, 121, 122,137 

ju-Phenylenediamine (test for peroxidase), 

Philip, 16 
Phipps, 97, 116 
Phloretin, 144 
Phloridzin, 144 
Phloroglucin, 7, 68, 88 

- (test for pentoses), 44 

Phlox, 95 
Phoenix, 60 
Phosphatides, 155 
Phosphotungstio acid, 124, 158 
Phyllins, 30 

Phytelepkm rnacrocarpa, 60 
Phytochlorins, 31 
Phytol, 30, 33, 38 
Phytolacca, 100 
Phytolaecaceae, 100 
Phytorhodins, 31 
Picea cxceka, 136 . 

Picramic acid, 146 
Pine-apple, 189 
Pinene, 2 
Pink, 95 

Pimm mjlvmtrm, 136 
Piper nif/rum , 160 
Piporacoao, 150 
Piperidine, 161 
Piperine, 160 
Pimm, m t 122, 186, 137 
— sativum , 57, 72, 74, 75, 108, 124, 
126, 133, 134, 188 , 189 , 156, 160 
Pitcher-plant, 189 
Pittowporaceae, 150 
Plantayo , 144 
— laneeolata , 95 

Planted pigments, 39, 101 
Plimmer, 9 

Hum, 61, BO, 107, 120, 145 
Polarisation, 47 
Polemoniaceae, 150 
Polygalacoao, 150 
Polygonum, 144 

——* timtorium , 152 

Polypeptides, 118 
Polysaccharides, 41,53 
Pomegranate Tree, 162 
Poplar, 05, 152 
Poppy, 102 
Poptuin, 143 

Popuiu$ t 74, 05,148, 152 
Porphyrins, 82 
Portulaca, 100 
Portiiiftcaceae, 100 
Potassium hydrogen sulphate, 144 
Potato, 70 , 75, 110, 111, 112, 118 , 114, 126, 
186, 187 , 156,160 
Priestley, 38, 40 
Printulaeoae, 150 
Prolamine, 118,127, 130 
Proline, 121, 137,157 
Proteaceae, 150 
Proteases, 23,137 
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7 AO, lig 

— ssaw ' m ' m 

— 2 £££££« S* 1 " 

■D ~7”~ tests ^ 0r > 122 
Proteoses, 118, i 2 e 

P™t“,tf d ’ 89 ’ 90 ’ 110 

Prulaurasin, 144, 146 
Prunase, 145 
Prunasin, 144,145 
Prunus, 97, 143, 144 , 145 

__ Amygdalus, 61 , 80,126 145 

— Armeniaca, 126 ’ i4 " 

CW« S , 45, 61, 80, 102 
- Attica, 61 , 80, 126 145 

■Lmrocerasus, 145. 146 
'- Padus, 45, 61 

p er 8 i ca 80 l2 

Prussic acid, 24 14 / 14 ] ^ 

Punica Granatum, 102 ’ 

Pumcaceae, 162 
Pumpkin, 81, 166 
Purine, 159, 164 

- bases, 127, 154 164 

Purpurogallin, HO * 4 
Putrescine, 155 
Pyridine, 159 
Pyrimidine, 159, 164 
Pyrogallol, 68 , 109, 110 
iVoto, 151 
Pyrrole, 159, 161 
Pyrrolidine, 155 , l 6 l 
Ptyw, 143 

■ Aucuparia, 145, 155 

- communis, 151 

- 2 ifaZzw, 145 

Pyruvic acid, 86 

Quercetin, 96, 105, 106 144 
Quercitrm, 144 ’ 144 

91, 96,144 
- 7 - 7 - Robur, 98 
Quinine, 158 ,162 
Quinoline, 159, 162 

Badieh, 127 
Baffinose, 41 

Banunculaceae 14 k i«n 1 
Rmwiculus acris, 108 157> 164 

Bap77o, W 6 

R&phanus sativus , 127 
Baspberry, 65 
Bed Seaweeds, 49 
Beductase, 20 , 21 , 28 
Beed Poa, 146 
Beeves, 141 
Reseda luteola, 94, 96 

Beserve celluloses, 65 \ 

Besorcin^ef 1 ^’ 9 ’ 5r5, t58 > 71 > SO, llg f 
Bespiration, 5 / 71, 114 , g 


Bespiration pigments, 114 
Beversible reactions, 18 
4 Beynolds Green, 84, 80 

fwiamnaceae, 145 150 
Bhamnose, 96, 144 
Rhamnns , 96 

d ,7 t ' Frmigula 146 
Rhisophova, 91 
Bbodopbyceae, IB, 49 
Bhubarb, 68 
■Kto, 91, 97 
—- Coriaria, 92 
' ~ Ootinus, 98 

~~ vernicifera, 113 
Grossularia, 146 
nigrum, 146 
—' rubrum, 146 
SZ wnguineum, 98 
Bibose, 48 

Bibwort Plantain, 95 
Bice, 127 
Bicin, 124, 185 
Iticmoleic acid, 80 

81, 88 , 85, 1B6 

W,l 3 r mmi *’ *>> 84, 124, 125, 127, 

i°sri44 7i ’ 7B ’ 7fi 

Bobinin, 144 
Bom, 144 

•7 ‘ 102 , 104 

Ho“:’99’ 80 ’ 144 ’ H5 - MO 

Bosemary, 2 

Ruscus, 59 

Russula nigricans, Us 
Ruta, 144 

Butaceae, 145, 150, 164 

Butin, 144 

Bye, 124, 127 , 182 

Saccharomycett, 20 
S* Ignatius’ Bean, 168 
Sahcm, 48, 88 140 
Salicylic acid, 89 ’ * 152 

alcohol, 48, 88, 148 lm 
« 77““* . aldehyde, 88 1 M 

Sahgenm, 88 , 148, 14g lm 
Rah®, SB, 14$, 152 ’ 2 

Salkowski, 58, 78 
^apratemu, m 

oambucus, 1S7, 144 

a 0 77~*. nigra, 68 , 08 I 4 fi 

Sambumgrm, 144 , 14 * 4tl 

^uponaria, 150 

Saponification, 82 

Scarict Geranium, 9 -; °i02 1 08 ,«* 

Banner, 188 , m ’ *° 8 ’ 189 
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Schenckia blumenaviana, 113 
Schryver, 38, 39, 40, 63, 78 
Schulze, 60, 78 
Schweizer’s reagent, 66 
Scilla, 58, 62, 70 
Scopolia japonica , 161 
Scorzonera, 143 

- hispanica, 156, 160 

Scotch Fir, 136 

Secale cereale, 124, 127, 132 

Seliwanoff’s test, 51 

Serine, 120 

Shibata, 93, 116 

Silicic acid, 13 

Silver Fir, 136 

Silver sol, 12, 16 

Sinalbin, 144, 149 

Sinapin acid sulphate, 144, 149 

Sinapis alba , 80, 149 

■- nigra, 80 

Sinigrin, 142, 144, 149 
Skatol, 68 
Smedley, 86 
Snapdragon, 95, 96, 99 
Snowdrop, 55, 70, 95 
Soap, 11, 12, 16, 82, 83 

- tests for, 83 

-wort, 150 

Sodium picrate test, 146 
Solanaceae, 157, 161 
Solarium, 75 

- tuberosum, 70, 113, 126 

Sorghum, 143 

- vulgare, 148 

Soy-bean, 126, 156 

Spanish (Sweet) Chestnut, 91, 92, 93, 126 

Sparteine, 162 

Spartium scoparium , 162 

Spatzier, 149, 153 

Spinach, 138 

Spinacia, 138 

Spiraea , 144 

- Ulmaria, 88, 152 

Spruce Fir, 136 
Squash, 127 

Stachydrine, 157, 161 • 

Stachys sylvatica, 32 

- tuberifera, 160, 161 

Starch, 12, 16, 55, 69 

- soluble, 56, 74 

- tests for, 56 

Stearic acid, 79 
Steiger, 60, 78 
Sterculiaceae, 81 
Stereoisomerism, 43, 46, 143 
Stiles, 27, 40 
Stock, 95, 108 
Stoll, 27, 40, 110, 117 
Straw, 45, 53, 54, 68 
Strawberry, 63, 65 
Strophanthidin, 144 
Strophanthin, 144 
Strophanthus, 144, 156 
- hispidus, 160 


Strychnine, 163 
Strychnos Ignatii, 163 

- Nux-vomica, 163 

- toxifera, 163 

Substrate, 18 
Sucrose, 41, 52, 70, 76 

- tests for, 52 

Sulphur reaction (for proteins), 123 
Sumac, 91, 92, 97 

Sunflower, 55, 75, 81, 127, 135, 136, 156 

Suspensions, 11, 12 

Suspensoids, 11 

Sweet Flag, 155 

Sycamore, 166 

Synthesis by condensation, 3 

- of aromatics, 6 

- of carbohydrates, 5, 26 

- of fats, 6, 85 

- of proteins, 6, 119 

Syringa, 143 

- vulgaris, 65, 74, 95 

Syringenin, 143 
Syringin, 143 

Talose 47 

Tannic acid, 75, 92 , 123, 158 
Tannin, 73, 74, 89, 90 , 111 

- reactions of, 91 

Taraxacum, 60 

- officinale, 58, 95, 108 

Tautomerism, 48 
Taylor, 16 
Tea, 89, 92, 165 

-plant, 165, 166 

Teasel, 113 
Terpenes, 2 

Thalictrum aquilegifolium, 146 
Thea, 144 

-- sinensis, 165, 166 

Thebaine, 164 
Theine (see Caffeine) 

Theohroma Cacao, 81, 166 
Theobromine, 166 
Thorn Apple, 155, 161 
Thyme, 2 

Thymelaeaeeae, 150 
Thymol, 68 
Tiglic acid, 79 
Tiliaceae, 145 
Tobacco, 155, 156, 159 
Tomato, 138 
Tragacanth, 61 
Trier, 167 
Trifolium, 59, 137 

- ochroleucum, 74 

- pratense, 65, 74, 75, 166 

- repens, 166 

Triganella Foervum-graecum, 156, 160 
Trigonelline, 157, 160 
Trimethylamine, 155 
Trisaccharides, 41 
Tristearin, 82 
Triticum, 113 

- vulgare, 124, 127, 130, 139 
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Trommer’s test, 49 
Tropacocaine, 162 
Tropaeolum, 60, 75, 136, 137, 144 

- majus, 55, 70, 72, 74, 101, 

138 

Tropane, 159, 161 
Trypsin, 139 

Tryptophane, 23, 121,122,137, 138 

- trimethyl, 157 

Tuberin, 126 
• Tulip, 138, 139 
Tulipa , 138 

Turnip, 63, 65, 75,136, 137,138 
Tyrosinase, 113, 114 
Tyrosine, 113, 121, 122,137 

Ultramicroscope, 14 
Umbelliferae, 60, 108 
Urtica , 28 
Urticaceae, 145 
Usher, 36, 40 

Vacciniuni, 151 

- Myrtillus, 102 

- Vitis-Idaea , 88, 102 

Valine, 120, 136 
Van Bijn, 153 
Vanilla planifolia, 89 
Vanillin, 67, 89 
Vegetable ivory, 60 

- marrow, 136 

Vernon, 24 

Vetch, 124, 126, 133, 134, 136, 148 

- common, 146, 166 

- hairy, 146 

Vida ,, 136, 137, 144 

- angust (folia, 148 

- Faba, 124,126, 133, 138, 139, 156 

- hirsuta , 74, 146 

- sativa , 74, 124, 126, 133, 136, 137, 

146, 166 . 

Vicianin, 144, 148 
Vicianose, 144, 148 
Vicilin, 126, 133 
Vigna sinensis, 126 
Vignin, 126 
Vine, 70 

Vines, 138,139, 141 
Viola, 108 

- odorata , 55, 95, 99 


Viola tricolor , 96, 102 
Violaceae, 58 
Violanin, 102 
Violet, 55, 95, 99, 108 
Virginian Creeper, 102 
Viscum album , 62 
Vitis , 144 

- vinifera , 70, 102 

Voorhees, 130, 141 

Waage, 88, 116 

Wallflower, 96, 97, 99, 100, 101, 107, 108 
Walnut, 53, 80, 92, 126 

- American, 126 

Walther, 113, 116 
Water Banuncuius, 136 
Wax, 69 
Weil, 117 

Wheat, 56, 113, 124, 127, 130, 139, 156 

Wheldale, 94, 95, 96, 98, 104, 115, 116 

Whitley, 115 

Wig Tree, 93 

Wilkinson, 97, 116 

Willow, 48, 88, 152 

Willstatter, 27, 40, 98, 101, 102, 106, 110, 
116,117 
Wine, 89 

Winterstein, 153, 167 
Woad, 113, 152 
Wohlgemuth, 24 
Wood G-um, 53 

Xanthine, 165 
Xanthone, 87 

Xanthophyll, 27, 28, 29, 39 
Xanthoproteic reaction, 122 
Xylan, 45, 53, 54, 55, 60, 67 
Xylonic acid, 45, 54 

Xylose, 41, 43, 45, 53, 54, 60, 61, 62, SB 
Yeast, 20 

Zea Mays, 80, 126, 127, 132, 138 
Zechmeister, 102, 117 
Zem*127, 132 
Zilva, 22, 23, 24, 25 
Zollinger, 117 
Zymase, 20, 21, 22 
Zymin, 21, 22 
Zymogen, 84 
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